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SECTION  0 


0. 0  GENERAL 
0.1  INTRODUCTION 

With  the  ever-increasing  use  of  containers  for  military  cargo 
and  with  modern  containerships  not  being  self-sustaining,  the  U.  : . 
Naval  Civil  Engineering  Laboratory  has  established  the  need  for  an 
Expeditionary  Logistic  Facility  (ELF).  The  ELF  system  is  to  provide 
for  the  establishment  of  port  facilities  to  handle  not  only  containers 
but  all  types  of  cargo  from  all  types  of  ships  where  no  port  facility 
exists.  The  ELF  must  be  portable  and  must  be  capable  of  erection  in 
a  short  time  frame. 

0.2  OBJECTIVES 

The  purpose  of  the  present  study  has  been  to  develop  the  pre¬ 
liminary  design  of  a  concept  originally  suggested  by  Eness  Research  & 
Development  Corporation  to  insure  that  it  could  meet  the  requirements 
of  the  ELF  system. 

0.3  ORGANIZATION 


In  the  development  of  the  preliminary  design  of  this  ELF  system, 
the  design  of  the  crane  features  has  been  undertaken  by  Eness  Research 
&  Development  Corporation  and  the  design  of  the  supporting  platform 
has  jeen  the  responsibility  of  the  J.  J.  Hpnry  Company,  Inc.  Close 
liaison  between  the  two  companies  has  led  to  an  orderly  development 
of  the  design. 
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SECTION  1 


1.  HULL 

L.O  GENERAL 


The  platform  for  the  crane  is  essentially  a  barge.  In  this 
concept,  however,  the  hull  is  split  down  the  middle  so  that  when  the 
facility  has  reached  the  advanced  base  port,  the  hulls  can  be  separated 
to  provide  a  broad,  stable  platform  for  the  crane. 

Since  the  general  and  specific  requirements  for  constructing  and 
outfitting  a  barge  are  defined  in  the  Rules  c  the  American  Bureau  of 
Shipping  and  the  regulations  of  the  U.  S.  Coast  Guard,  we  will  only 
describe  the  features  which  are  peculiar  to  this  concept. 

1.1  DIMENSIONS 


The  minimum  dimensions  of  length  and  beam  of  the  hull  are  de¬ 
termined  by  the  geometry  cf  the  crane  structure.  As  shown  on  the 
General  Arrangement,  Figure  1-1  in  the  sea  condition  of  transport  mode, 
the  crane  structure  is  lowered  and  the  hulls  are  together.  This  lowers 
the  center  of  gravity  and  makes  for  greater  stability.  Also,  with  the 
hulls  together,  resistance  for  towing  or  propulsion  are  decreased. 

The  minimum  depth  of  the  hull  is  prescribed  by  the  A.B.S.  Rules 
which  call  for  a  depth  not  less  than  one-fifteenth  of  the  length. 

Since  the  hull  serves  only  as  a  platform  for  the  crane,  minimum 
dimensions  were  held  in  order  to  keep  hull  costs  down. 

The  principal  dimensions  selected  are  as  follows: 


Length  on  load  waterline  330'-0" 

Beam  (hulls  together)  60’-0" 

Depth  of  hull  27'-0" 

Draft,  design  14'-0" 

Light  Ship  weight,  no  ballast  or  fuel  2760  tons 


1.2  LINES 


The  lines  as  developed  and  as  shown  in  Figure  1-2  were  based  on 
the  design  of  an  ocean-going  barge  for  which  we  had  model  test  data. 

After  making  a  preliminary  weight  estimate  we  found  that  a 
reduced  block  would  give  adequate  displacement.  The  lines  were  there¬ 
fore  made  finer  which  reduced  hull  resistance  thus  improving  speed. 

Before  finalizing  the  lines  for  the  prototype  we  would  consider 
it  imperative  to  prove  the  lines  by  model  testing. 

The  hydrostatic  characteristics  or  curves  of  form  are  given  in 
Figure  1-3. 
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ARRANGEMENTS 


1.3 


The  compartmentation  of  the  hull  is  dictated  primarily  by  the 
needs  for  supposing  structure  for  the  crane  posts.  Also,  the  require¬ 
ments  for  subdivision,  tankage,  auxiliary  machinery  and  quarters  must 
be  considered. 

1.4  SUBDIVISION 


Although  it  is  not  yet  a  requirement  of  the  regulatory  bodies 
or  the  U.  S.  Coast  Guard  for  this  type  of  vessel,  it  is  considered 
desirable  to  have  at  least  a  one  compartment  standard  of  subdivision 
for  this  vessel.  This  means  that  any  one  compartment  can  be  flooded 
and  the  vessel  will  maintain  its  stability  without  excessive  list 
or  trim. 

Figure  1-4  shows  the  summary  of  Jamaged  stability  calculations 
indicating  that  this  hull  is  satisfactory  with  adequate  stability  re¬ 
maining  with  any  hold  damaged. 

1.5  STABILITY 


Unlike  cargo  ships  which  may  have  many  different  conditions  of 
loading  and,  consequently,  a  variety  of  stability  conditions,  we  have 
here  basically  two  conditions  to  consider.  The  first,  or  at-sea 
condition,  is  the  condition  of  the  facility  while  enroute  to  its 
destination.  For  this  condition  the  two  hulls  are  brought  together 
and  the  upper  crane  structure  is  lowered  to  the  deck.  Figures  1-5A, 
1-5B,  and  1-5C  show  the  stability  for  this  condition  at  three  possible 
drafts. 


In  the  working  condition  with  the  hulls  spread  apart,  the 
transverse  stability  is  increased.  With  the  crane  raised  and  the  hook 
load  added,  however,  the  combined  center  of  gravity  is  raised  and  the 
stability  is  slightly  reduced,  however,  since  the  GM  is  so  large  the 
effect  is  negligible.  Figures  1-6A,  1-6B,  and  1-6C  illustrate  this 
condition  at  three  possible  operating  drafts. 

1 . b  STRUCTURE 


The  design  of  the  basic  hull  structure  is  based  on  the  Rules  of 
the  American  Bureau  of  Shipping.  Special  consideration  has  been  given 
to  seating  the  crane  kingposts  so  that  imposed  loads  are  properly 
distributed  in  the  hulls. 

Drawing  5834-2,  Figure  1-7,  Scantling  Plan  shows  the  basic 
structural  requirements  of  the  hulls. 

As  a  verification  of  the  structure  or  scantlings,  the  American 
Bureau  of  Shipping  requires  a  still  water  bending  moment  calculation. 
Figures  1-8A,  1-8B,  and  1-8C  show  the  bending  moment  and  shear  forces 
at  three  different  drafts.  Figure  1-4  shews  the  calculation  of  tile 
section  modulus  of  the  barge  hull  and  Figure  1-ID  gives  the  calculation 


•j f  i he  section  Modulus  required  by  the  A.3.S.  The  section  as  designed 
is  satisfactory. 

1.7  PIPING  STSTEjg 

1.7.1  GEKERAL 

All  piping  systems  would  be  required  to  meet  the  requirements 
of  the  Americai  Bureau  of  Shipping  and  the  U.  S.  Coast  Guard. 

1.7.2  BILGE  AND  BALLAST  SYSTEM 


A  puaping  system  with  associated  piping  is  required  which 
is  capable  of  draining  all  compartments  and  to  fill  or  empty  ballast 
tan?*  used  to  correct  list  or  trim  of  the  vessel.  Two  pumps  are  re¬ 
quired  in  each  hull. 

1.7.3  VO»T.  jjQjgQIgC  AM)  OVERFLtA'  PIPES 


All  tanks  are  to  be  fitted  with  vent  pipes  and  overflov  pipes. 

All  tanks  and  all  bold  ccmp^rtsaentr  which  are  not  at  all 
tines  accessible  are  to  be  fitted  with  sounding  pipes. 

l..\4  FUEL  OIL  PIPING  SYSTEMS 


A  piping  and  pumping  system  is  to  be  provided  which  vill  per¬ 
mit  filling  the  fuel  tanks  frou  a  convenient  location  on  deck  and  then 
transferring  the  fuel  to  the  diesel  generators  and  to  the  propulsion 
units  if  fitted. 

1.7.5  FF-ESH  AND  SALT  WATER  SYSTEMS 


A  fresh  water  tank  installed  in  accordance  with  the  require¬ 
ments  of  the  U.  S.  Public  Health  Service  would  hold  water  for  drinking, 
washing  and  cooking  purposes.  A  pressure  tank  system  is  used  to  trans¬ 
fer  from  the  storage  tank  to  the  outlets. 

A  saltwater  system,  taking  water  from  one  or  more  sea 
chests,  would  supply  water  for  engine  cooling  and  sanitary  purposes. 
Modem  practice  on  cocaercial  vessels  is  to  use  freshwater  for 
sanitary  needs  but,  since  we  have  no  ready  source  of  steam  to  operate 
a  distilling  plant,  ve  would  call  for  saltwater  for  this  purpose. 

A  general  service  pump  which  could  serve  as  one  r.f  the 
bilge  and  ballast  pumps  would  be  used  for  this  service. 

1.8  ELECTRICAL  SYSTEMS 

1.8.1  POWER  FOR  CRANE 

Two  sets  of  diesel-generators  of  about  250  KW  each  in  the 
barge  supply  power  for  the  operation  of  the  crane.  One  set  is  ade¬ 
quate  lor  normal  operation  and  the  other  provides  100  percent  standby. 
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These  generators  would  also  supply  power  for  the  anchor 
windlasses,  the  constant  tension  winches  and  the  crane  lifting  winches. 
From  the  switchboards  in  the  diesel-generator  room,  cables  carrying 
power  to  the  cranes  would  be  led  under  deck  and  then  up  one  of  the 
kingposts. 

1.8.2  POWER  FOR  THE  BARGE 

One  diesel-generator  of  about  75  KW  would  supply  power 
requirements  of  the  barge.  In  the  event  of  failure,  power  could  be 
taken  from  either  of  the  crane  generator  sets. 

Switchboard  in  diesel-generator  room  would  distribute 

power  to: 

Lighting,  including  navigation  ights. 

Power  for  service  pumps. 

Air  conditioning  and  ventilation/heating. 

Galley  ranges  and  appliances. 

Communication  equipment. 

1.9  MOORING  AND  ANCHORING 

Windlasses,  anchors  and  chain  are  to  be  provided  in  each  hull 
to  suit  A.B.S.  requirements:  One  anchor  is  sufficient  to  hold  the 
barge.  Both  anchors  would  be  used  when  transferring  to  lighterage 

offshore  to  insure  sufficient  holding  power  for  both  the  facility  and 
the  lighterage. 

Constant  tension  winches  are  provided  to  secure  to  a  pier, 
another  vessel  or  to  lighterage.  The  winches  are  arranged  to  be  led 
to  either  side  of  the  separated  hulls. 

1 . 10  FENDERING 

Shock-absorbing  fenders  are  to  be  provided  all  around  each  hull 
to  protect  the  facility  from  other  vessels  either  outboard  or  between 
the  hulls. 

1.11  SECURING  THE  HULLS 

In  the  transport  mode  with  the  hulls  together,  the  hulls  are 
secured  by  hydraulically  operated  pins  acting  in  fender- shaped  pieces 
at  the  centerline  as  shown  on  Figure  1-11.  The  securing  lugs  are 
wedge-shaped  to  adjust  for  any  misalignment  when  the  hulls  are  brought 
together. 

Also  shown  on  Figure  1-11  is  the  T-shaped  slot  in  the  hulls  to 
accommodate  the  cross  connecting  members,  shown  on  the  Eness  drawings, 
which  hold  the  separated  hulls  together. 
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1.12 


MANNING  AND  QUARTERS 


The  U.  S.  Coast  Guard,  which  has  jurisdiction  over  manning  of 
vessels,  has  no  definite  rules  on  the.  manning  of  a  vessel  such  as  this 
facility  but  considers  each  case  individually. 

The  crane  specifications  indicate  a  need  for  a  minimum  of  two 
crane  operators  plus  a  maintenance  electrician  and  a  maintenance 
mechanic.  Since  this  is  a  small  facility  with  basically  two  modes  of 
operations,  the  at-sea  mode  and  the  operating  mode,  it  is  believed  that 
the  crew  could  be  assigned  dual  duties.  Our  estimate  of  required 
manning,  using  arbitrary  designations  is  as  follows: 


Captain  1 
Mates  2 
Seamen  6 
Machinists  3 


Electricians  2 

Total  14 

Since  we  were  advised  that  the  crew  would  be  military  we  have 
provided  two-man  rooms  except  for  the  upper  ratings.  The  quarters 
would  be  insulated  and  sheathed  and  provided  with  metal  furniture. 

Mess  room,  galley,  reefer  and  dry  stores  space  are  provided.  Provision 
is  made  for  venting,  heating,  and  air-conditioning  the  quarters. 

1.13  SAFETY  EQUIPMENT 

As  required  by  the  U.  S.  Coast  Guard,  the  facility  would  be  pro¬ 
vided  with  one  diesel-propelled  work/life  boat  and  inflatabxe  life 
rafts  and  other  lifesaving  gear  as  required. 

Fire  stations  tied  into  the  ship's  salt  water  systems  and 
portable  extinguishers  are  to  be  provided. 

1.14  PROPULSION 


In  the  original  concept  by  Eness,  the  crane  is  mounted  on  a 
towed  barge.  Since  the  Naval  Civil  Engineering  Laboratory  (NCEL)  was 
also  interested  in  a  self-propelled  facility  we  have  also  investi¬ 
gated  the  possibility  of  using  Murray  and  Tregurtha  type  outboard 
units  ’-'hich  involve  minimum  changes  in  the  basic  design. 

Figure  1-12  shows  a  curve  of  Effective  Horsepower  (EHP)  versus 
speed  in  knots  for  the  hull. 

Figure  1-13  shows  two  curves  of  horsepower  (BHP  of  tug;  versus 
speed,  one  for  barge  with  skegs  and  one  for  barge  without  skegs  but 
with  two  1000  hr  outboard  units  which  are  used  for  self-propulsion  or 
to  supplement  the  tugs  and  control  the  barge.  No  skegs  would  be 
fitted  on  the  barge  with  propulsion  units  as  the  units  could  be 
s ter red  to  overcome  yawing. 
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Froa  these  curves  we  find  that  the  self-propelled  version  with 
no  assistance  froa  a  tug  would  have  a  speed  of  about  10  knots. 

We  found  little  published  data  on  speed  and  horsepower  of  tugs. 
We  have,  therefore,  constructed  a  series  of  curves  for  a  range  of  tug 
sizes  and  horsepower  based  on  published  data  to  deteraine  the  size  of 
tugs  necessary  to  tow  the  facility  at  various  speeds.  These  are  given 
in  Figures  1-14A  through  1-14H. 

Froa  Figure  1-13  we  find  that  to  achieve  a  speed  of  14  knots  a 
tug  of  about  10,000  HP  is  required.  If  propulsion  units  on  the  facility 
are  also  used,  tne  saae  speed  of  14  knots  could  be  obtained  with  a  tug 
of  about  6000  HP.  The  reason  for  this  is  that  the  hull  resistance  is 
reduced  with  no  skegs  and,  of  course,  the  added  thrust  froa  the 
outboards. 

We  would  recoanend  that  the  facility  be  fitted  with  the  out¬ 
board  units,  not  only  because  of  iaproved  towing  speed,  but  also 
because  we  believe  they  would  be  useful  for  positioning  the  facility 
at  the  site. 

1.15  TRANSPORT  MPJt 


For  the  movement  of  the  facility  to  its  destination,  it  is 
important  that  a  decision  be  aade  whether  the  barge  is  to  be  towed  only 
or  if  it  is  to  h'ave  some  degree  of  self-propulsion.  If  it  is  only  to 
be  towed,  it  will  ba  necessary  to  fit  skegs  to  give  the  tow  directional 
stability.  As  noted  in  Article  1.14  (PROPULSION)  we  have  recomended 
propulsion  units  even  if  towed,  to  eliminate  the  added  resistance  of 
the  skegs  and  to  supplement  the  tug. 

Because  of  its  fine  entrance  and  lines,  and  its  wide  bean,  the 
barge  can  be  expected  to  perform  well  at  sea.  Of  course,  the  normal 
precautions  of  reducing  speed  and  heading  into  the  seas  would  be 
recommended  at  higher  sea  states. 

With  the  crane  lowered  to  the  deck  for  the  transport  mode  there 
is  ample  transverse  stability.  If  rolling  does  start  at  higher  sea 
states,  it  is  reconanended  that  ballast  in  the  fora  of  seawater  be 
pumped  into  two  or  more  of  the  hull  tanks  tc  reduce  the  transverse 
metacenter  or  GM  and  thus  increase  the  roll  period-  With  too  large  a 
GM  there  is  danger  of  quick  snap  rolls  which  would  be  uncomfortable 
for  the  crew  and  possibly  dangerous  to  the  equipment. 

1.16  OPERATING  MODE 


With  the  hulls  spread  apart  and  the  crane  ready  for  operation, 
the  transverse  metacenter  is  quite  large  and  heeling  due  to  transfer 
of  loads  is  small. 

The  facility  can  be  used  to  straddle  a  finger  pier,  can  be 
moored  alongside  a  pier,  or  can  be  anchored  in  a  river  or  in  open 
water. 
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From  a  stability  standpoint  there  are  no  problems  as  the  sea 
state  increases.  The  difficulties  are  in  the  crane  structure  and  In 
the  cross  ties.  This  is  fu1!)'  discussed  in  Section  2  on  the  crane. 

Beam  seas  would,  of  course,  Lend  to  push  tne  hulls  together,  especially 
if  the  barge  is  moored  alongside  a  pier.  This  is  "msidered  in  the 
crane  design  and  provision  is  made  for  cross  members  at  the  bottom 
of  the  barge.  Head  seas  or  quartering  seas  tend  to  rack  the  crane 
structure  and  this  is  considered  in  the  crane  design,  up  to  the  limits 
prescribed  in  the  crane  design  calculations.  At  higher  sea  states  it 
is  recommended  that  the  crane  be  lowered  and  the  barge  haxves  brought 
together  so  that  the  facility  could  ride  out  the  storm  at  anchor. 

In  this  condition  we  believe  the  barge  could  survive  very  heavy 
weather. 
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SECTION  2 


2.0  CRANE 

2.1  GENERAL  DESCRIPTION  OF  CRANE 


The  crane  consists  of  several  basic  components;  these  include 
a  trolley  which  houses  the  hoist  and  transverse  propelling  machinery 
and  supports  a  control  cab  on  each  of  two  (2)  sides,  extensible  booms 
which  move  transversely  over  the  ship,  dock  or  lighters  and  serve  as 
supports  for  the  trolley,  and  a  bridge  frame  which  completes  the  crane 
unit  by  supporting  the  extensible  booms.  The  crane  unit  is  supported 
at  two  (2)  points  by  wheeled  assemblies  which  permit  horizontal  and 
vertical  pivoting;  rack  and  pinion  drives  are  provided  to  move  the 
crane  along  the  fore  and  aft  links.  The  ends  of  the  fore  and  aft  links 
are  integrally  connected  to  collars  which  are  able  to  move  vertically 
on  the  kingposts.  Additionally,  there  are  transverse  links  which  are 
pinned  to  the  collars  and  serve  to  maintain  the  transverse  distances 
required  by  acting  as  a  system  of  parallel  links.  The  collar,  as 
already  noted,  serves  as  a  means  of  raising  the  system  along  the  king¬ 
posts  and  also  houses  mechanical  locks  to  maintain  the  desired  eleva¬ 
tion  and  to  relieve  the  load  from  the.  crane  hoist  tackles.  Four 
collars  are  provided,  one  for  each  kingpost.  The  kingposts  provide  a 
means  of  supporting  and  raising  and  lowering  the  crane  unit  and  also 
serve  to  take  out  the  various  loads  resulting  from  sea  motion. 

The  material  presented  herein  describes  the  basic  design  of 
two  (2)  cranes,  each  having  particular  advantages  and  disadvantages 
which  will  be  discussed  in  detail.  Design  Nos.  1  and  2  have  the  same 
basic  kingposts,  fore  and  aft  links,  transverse  links  and  hoist 
machinery  but  differ  in  the  extensible  boom  arrangement.  Design  No.  1 
has  two  (2)  extensible  booms  which  are  extended  and  set  to  each  side 
of  the  desired  outreach.  In  comparison,  Design  No.  2  has  one  exten¬ 
sible  boom  which  moves  transversely  concurrent  with  the  trolley;  the 
trolley  travels  twice  as  far  as  the  boom.  The  trolley  of  Design  No.  1 
is  propelled  by  traction  along  the  extensible  boom  and  its  motion  is 
independent  of  the  motion  of  the  boom.  The  trolley  of  Design  No.  2  is 
propelled  by  four  (4)  fixed  lengths  of  wire  rope  each  of  which  have  one 
end  attached  to  the  trolley,  then  led  through  a  sheave  on  the  extensible 
boom  end  and  then  have  the  other  end  attached  to  the  bridge  structure. 
Design  No.  1  is  depicted  on  Eness  Dwg,  No.  71031-3  and  Design  No.  2  : « 
depicted  on  Eness  Dwg.  No.  71031-13, 

2.2  GENERAL  PERFORMANCE  CHARACTERISTICS 

The  crane  is  capable  of  projecting  transversely  over  the  hatch 
•  >l  a  container  ship,  roll-on/rol  l-c>f  f  ship,  and  general  break-bulk  tvpc 
of  cargo  ship  so  as  to  spot  over  the  loan  point  and  transfer  l  -ads  *ou‘h 
as  containers,  mlUtarv  vehicles,  and  pal  Id  i acd  cargo  to  lighters, 
docks  or  causeways,  as  may  bo  required.  The  cargo  path  is  generally 
as  Indicated  on  Eness  ikag.  No.  710 31-1,  which  shows  a  distance  of 
70  feet  b  inches  from  the  underside  of  the  container  to  the*  waterline.  The 
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maximum  outreach  is  96  feet  and  the  transverse  span  is  342  feet  between 
excreme  lioist  points.  A  44,000  pound  load  can  be  lifted,  transferred, 
and  deposited  between  these  points  in  less  than  five  (5)  minutes.  For 
the  purpose  of  handling  military  vehicles  weighing  70,000  pounds,  the 
crane  is  capable  of  an  outreach  of  70  feet  and  a  transverse  space  of 
290  feet. 

The  following  criteria  has  been  used  in  establishing  the 
concept : 

Hoist  -  44,000  pounds  at  115  FPM 

Transverse  Travel  -  Up  1  degree  incline  at  400  FPM 

Boom  Extension  (Design  No.  1)  -  Up  1  degree  incline  at  50  FPM 

Fore  and  Aft  Travel  -  Up  1/2  degree  incline  at  70  FPM 

The  hoist  and  transverse  travel  speeds  are  dictated  by  the 
requirement  for  20  containers  per  hour  through  the  average  path.  The 
boom  speed  for  Design  No.  1  is  arbitrary  and  can  be  increased  or  de¬ 
creased;  however,  the  boom  speed  for  Design  No.  2  must  be  related  to 
the  trolley  speed  required  to  handle  the  20  containers  per  hour.  The 
fore  and  aft  travel  speed  is  also  arbitrary  and  may  be  varied  with 
subsequent  change  in  horsepower  of  the  drive  machinery.  The  fore  and 
aft  travel  is  76  feet  from  center  to  center  of  the  containers  and  will 
permit  serving  four  (4)  20  feet,  cells  without  shifting  the  barge  re¬ 
lative  to  the  container  ship.  The  hoisting  of  the  crane  to  operational 
position  is  accomplished  with  four  (4)  50  HP  winches;  the  rate  of 
hoisting  is  predicated  on  the  structural  design  and  the  maximum 
sea  state  at  which  operations  will  take  place. 

Review  of  the  sea  state  data  as  defined  by  W.  A.  McEwen  and 
A.  H.  Lewis,  Vine  and  Volkraann,  Wilbur  Marks  and  Pierson-Moskowitz 
indicates  that  Marks  is  in  agreement  with  McEwen  and  Lewis.  Vine 
and  Volkmann  are  also  in  good  agreement  for  sea  states  less  than 
three  (3)  but  rely  upon  the  "average  wave  height"  for  the  "equivalent 
wave  length".  Comparing  Pierson-Moskowitz  wave  heights  and  wave 
lengths  with  corresponding  values  given  by  Marks,  the  "significant 
wave  height"  of  the  former  exceeds  the  "average  1/10  highest"  for 
sea  states  less  than  high  four  (4),  but,  at  low  five  (5),  they  are 
comparable  with  Marks'  "significant  wave  height".  At  raid  sea  state 
six  (6)  the  "significant  wave  height"  of  Pierson-Moskowitz  becomes 
sl.ghtiy  less  than  Marks’  for  the  respective  wave  length  and  decreases 
further  as  sea  states  increase.  For  the  purpose  of  the  crane  designs 
discussed  hereafter,  the  effect  of  sea  state  is  predicated  upon  Marks 
and  McEwen  and  Lewis.  Figure  2-1  presents  a  plot  of  wave  length 
versus  sea  state;  Figure  2-2  shows  significant  wave  height  plotted 
against  wave  length.  In  order  to  relate  the  design  to  a  common 
inference,  wave  lengta  will  be  used  and  from  Figure  2-2  corresponding 
wa;o  heights  can  be  determined.  When  wave  heights  and  lengths  arc 
known,  the  design  can  be  related  to  the  desired  source  of  reference 
lor  sea  state. 
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COMPONENTS 


Eness  Dwg.  No.  71031-12  shows  the  crane  of  Design  No.  1  in  the 
stowed  condition  and  identifies  the  various  components  which  comprise 
the  assembly.  Further,  the  drawings  which  detail  the  various  components 
are  aloo  given  for  ready  reference.  Design  No.  2  is  very  similar  to 
Design  No.  1;  Dwg.  No.  71031-13  illustrates  the  areas  of  difference 
between  the  two  (2)  designs. 

2.3.1  TROLLEY 

The  trolley  consists  of  an  enclosure  which  houses  the  hoist 
equipment  and  travels  transversely  on  the  extensible  boom.  On  each  end 
of  the  trolley  is  a  control  cah.  In  operation,  the  cab  most  convenient 
for  viewing  may  be  used.  The  controls  in  each  cab  will  be  tied  to¬ 
gether;  however,  it  will  not  be  possible  to  arbitrarily  override  an 
active  control  by  remote  control  unless  a  change  in  selection  is  made. 

The  main  support  structure  will  be  ASTM  A441  low  alloy  steel; 
the  remaining  structure  will  be  aluminum.  Where  aluminum  and  steel 
are  in  contact,  effective  means  of  isolation  will  be  required.  Various 
compounds  and  tapes  are  available  for  this  purpose. 

The  trolleys  for  Design  Nos.  1  and  2  differ  in  that  Design 
No.  1  has  incorporated,  within  the  trolley,  the  propulsion  equipment 
to  move  the  trolley  transversely,  while  Design  No.  2  does  not  require 
this  type  of  equipment. 

2.3.2  TROLLEY  DRIVE 

The  two  (2)  designs  presented  herein  differ  in  the  trolley 
drive.  Design  No.  1  has  an  independent  trolley  drive  which  is  illus¬ 
trated  on  Eness  Dwg.  No.  71031-4;  this  drive  consists  of  two  (2)  motors 
and  reducers  driving  high  traction,  solid  rubber  industrial  tires  such 
as  General  size  10  1/2  x  6  x  5,  having  a  friction  coefficient  of  0.5 
when  wet  to  0.85  when  dry.  Each  motor,  fitted  to  a  reducer,  has  a 
disc-type  brake;  in  the  event  of  a  motor  failure,  release  of  the  brake 
will  permit  opf-ation  at  a  reduced  rate. 

The  trolley  weight,  including  the  hoist  machinery,  cab, 
controls  and  spreader  is  estimated  to  be  40,, 000  pounds  for  Design  No.  1 
with  drive  machinery,  and  32,000  pounds  for  Design  No.  2  without  drive 
equipment.  The  total  design  load  for  Design  No.  1  is  110,000  pounds, 
while  for  Design  No.  2  it  is  102,000  pounds.  The  traction  force  re¬ 
quired  to  move  the  trolley  will  depend  upon  the  list  and  the  wind 
force.  A  sustained  list  of  1  degree  will  be  used.  The  wind  force,  Fw, 
is  a  function  of  the  wind  velocity,  V,  in  knots  and  the  exposed  surface 
area,  A  =  170  square  feet  as  follows: 

Fw  =  0.004  AV2  (U.  S.  Navy  General  Specifications) 

The  force  due  co  list  F^  =  T^  x  Sin  (1  degree) 
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The  force  due  Co  rolling  contact,  where  R  »  6"  for  a  12" 
diameter  wheel  is  x  0«0.05 

The  total  force  is  F^  =»  FR 

Assuming  a  mechanical  drive  efficiency  of  0.6,  the 
horsepower  is: 


Ft  x  400 

pjp  _ 

33,000  x  0.6 

Based  upon  appropriate  wind  velocities  for  wave  lengths  of 
20,  40,  71,  99,  and  160  feet,  the  total  forces  and  horsepowers  are 
plotted  on  Figure  2-3.  On  the  basis  of  this  information,  two  (2)  25  HP 
1750  RPM  motors  were  selected;  each  of  these  is  coupled  to  a  Falk  GHB 
2050  reducer  having  a  2.76:  1  speed  ratio.  Further  reduction  is 
accomplished  through  a  chain  drive  having  a  ratio  of  4:1.  The  trans- 
versing  drive  will  have  two  (2)  speeds,  full  and  one-quartf*. 

Manufacturer's  data  on  the  traction  wheel  indicates  a 
maximum  load  of  2200  pounds  per  wheel  with  footprint  of  10.4  square 
Inches.  To  satisfy  the  maximum  required  transverse  force  of  2350 
pounds  from  two  (2)  traction  wheels,  the  required  friction  coefficient 
wi 11  be : 


F  =  1350  _ 
4400 


.535 


The  required  friction  should  be  satisfied  since  contact  is 
made  on  the  underside  of  the  extensible  boom  so  that  there  is  a  high 
probability  that  it  will  be  dry. 

The  trolley  drive  for  Design  No.  2  is  covered  in  the 
discussion  of  the  extensible  boom  for  that  design. 


2.3.3  MAIN  HOIST  DRIVE 


The  main  hoist  dri'.es  are  located  in  the  trolley  and  con¬ 
sist  of  two  (2)  each  of  motors,  gear  reducers  and  drums.  The  hoisting 
is  accomplished  by  using  a  pair  of  3/4  inch  6  x  37  high  strength  wire 
ropes  with  double  part  reeving  to  sheaves  at  the  four  (4)  points 
of  the  spreader.  In  the  event  that  one  (1)  motor  fails,  the  operation 
may  continue  at  a  reduced  rate  provided  the  brake  is  set  on  the  in¬ 
operative  motor. 

The  distance  over  which  a  container  will  move  through  its 
average  path,  for  the  purpose  of  the  time  cycle,  is  taken  as  the  sum 
of  the  mean  maximum  vertical  and  horizontal  distances.  Mean  maximum 
vertical  distances  of  54  feet  over  the  vessel  and  70  feet  ov<>r  the 
lighter  or  dock  and  a  horizontal  distance  of  170  feet  were  used. 
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Tables  IA  and  IB  Indicate  the  breakdown  of  each  element  of 
the  cycle  time  starting  with  the  hoist  in  the  ship,  depositing  the  load 
on  the  dock  and  returning  to  the  start.  The  hoist  and  lowering  speeds 
are  derived  from  Figure  2-4  using  two  parts  in  the  hoist. 

The  ideal  cycle  time  is  one  which  can  be  obtained  under 
ideal  conditions  such  as  in  ?  sea  state  of  one.  It  should  be  noted 
that  twenty-four  (24)  containers  of  44,000  pounds  can  be  handled  in 
one  (1)  hour.  This  quantity,  when  reduced  to  twenty  (20)  to  meet 
requirements,  allows  approximately  15  percent  of  each  hour  for  operator 
break  or  change.  The  manning  discussed  on  page  requires  two  (2) 

operators  far  each  eight  (8)  hours  of  operation  so  that  fatigue  should 
not  be  a  problem.  Also  recomnended  is  a  training  period  for  the 
operators.  In  the  training,  sufficient  experience  must  be  had  before 
the  operator  is  permitted  to  encounter  actual  operations. 

Relacive  to  degradation  of  performance  as  affected  by  sea 
states,  there  is  considerable  variance  with  respect  to  cycle  time,  so 
that  parameters  are  difficult  to  establish.  Based  upon  present  exper¬ 
ience,  one  can  say  that  the  ideal  cycle  time  can  be  related  to  sea 
state  as  shown  in  Figure  2-4A  and  is  obtained  during  a  sea  state  of 
zero  (0)  to  one  ( 1) . 

TABLE  IA.  BREAKDOWN  OF  IDEAL  CYCLE  TIME  FOR  CONTAINER 

HANDLING  (44,000  POUNDS) 


Ship  to  Shore 

Operation 
Hook  On 

Acceleration  (heist) 

Hoist 

Dwell 

Acceleration  (transversing) 
Travel  (transverse) 

Braking 

Dwell 

Acceleration  (lower) 

Lower 

Brake 

Unhook 


Time  (sec.) 
4 
3 

28 

1 

3 

25 

4 
1 
1 

26 
2 

_ £ 

99 
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TABLE  IA.  BREAKDOWN  OF  IDEAL  CYCLE  TIME  FOR  CONTAINER 
HANDLING  (44,000  POUNDS)  (con’t) 


Shore  to  Ship  (empty  spreaaer)  Time  (sec.) 

Acceleration  (hoist)  2 

Hoist  7 

Dwell  1 

Acceleration  (transversing)  2 

Travel  (transverse)  25 

Braking  2 

Dwell  1 

Acceleration  (lower)  1 

Lower  _9 

50 


Total  time  =  2  1/2  minutes  =  24  containers  per  hour. 


TABLE  IB.  BREAKDOWN  OF  IDEAL  CYCLE  TIME  FOR  VEHICLE 

HANDLING  (70,000  POUNDS) 


Ship  to  Shore 

Operation  Time  (sec.) 

Hook  On  20 

Acceleration  (hoist)  3 

Hoist  39 

Dwell  1 

Acceleration  (transversing)  3 

Travel  (transverse)  37 

Braking  5 

Dwell  l 

Acceleration  (lower)  1 
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TABLE  IB.  BREAKDOWN  OF  IDEAL  CYCLE  TIME  FOR  VEHICLE 
HANDLING  (70,000  POUNDS)  (con't) 


Operation  Tiie  (sec.) 

Lower  35 

Braking  3 

Unhook  8 

156 

Shore  to  Ship  (empty  spreader  50 

206 


Total  time  -  3  1/2  minutes  *  17  vehicles  per  hour. 


The  following  calculations  establish  the  minimum  horsey- 
power  for  the  hoist  drive: 

Horsepower,  HP  =  (Live  Load  +  Spreader)  x  Speed  (Per  Motor) 

33,000  x  .7  x  2 


For  Containers:  HP  =  54,000  x  115 _  =  135  hp  each  Motor 

33,000  x  .7  x  2 

For  military  vehicles:  HP  =  X-~- - - —  =  144  HP  each  Motor 

33,000  x  .7  x  2 

As  the  container  operation  takes  primary  consideration, 
selection  of  150  HP  motors  will  provide  more  than  adequate  margin  for 
safety  and  reliability. 

Motors  are  rated  150  HP  at  850  RPM,  coupled  through  a  G.  E. 
Brake  A  104  to  a  Falk  YB  2100  reducer  with  a  ratio  of  13:55.  The  drive 
will  be  a  stepless  type. 

2.3.4  EXTENSIBLE  BOOM.  The  booms  of  the  two  (2)  designs 

differ  in  concept  and  operation.  The  basic  structure  and  strength  are 
the  same  and  are  of  ASTM  A441  -  low  alloy  steel.  See  2.10  for  dis¬ 
cussion  on  material. 

2. 3. 4.1  DESIGN  NO,  1.  The  boom  structures  are  of  the  box  girder 

typi  with  top  and  bottom  plates  acting  as  flanges  extending  beyond  each 
side  of  the  web  plates  which  serve  as  a  means  of  supporting  trackways 
for  the  trolley  as  well  as  for  its  wheel  supports  and  guides.  The 
booms  are  shown  on  Eness  Dwg.  No.  71031-3,  Sheets  1  and  2.  Referring 
to  this  drawing,  it  will  be  observed  that  the  starboard  boom  is 
narrower  than  the  port  boom  and  is  arranged  for  support  from  wheels 
attached  to  a  bridge  which  spans  the  fore  and  aft  links  between  the 
kingposts.  The  port  boom  has  a  similar  but  opposite  configuration  an 
is  wider  so  that  the  starboard  boom  rests  within  the  port  boom  when 
both  are  retracted.  As  shown  in  elevation  1-A,  the  trolley  travels 
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along  the  lower  flanges  of  the  booms,  while  the  upper  flanges  are  used 
l'or  support  of  the  boom.  Support  of  the  boom  is  accomplished  on  wheels 
on  the  outboard  extremities  of  the  bridge  structure  which  are  shown 
in  Section  2-A  of  Sheet  2  of  referenced  drawing.  The  inboard  extremi¬ 
ties  of  the  booms  are  also  supported  in  the  vertical  direction  by 
additional  wheels  on  the  cross  structure  of  the  bridge  shown  in  Section 
2-B  of  Sheet  2  of  referenced  drawing.  Each  boom  can  be  extended  to  one 
side  of  the  centerline  so  that  the  trolley  can  travel  transversely 
342  feet  with  ransfer  taking  place  in  the  area  of  boom  overlap  at  the 
centerline.  Each  boom  has  individual,  extension  machinery  permitting 
any  desired  extension  up  to  the  maximum  on  any  one  side  or  on  both 
sides . 

2. 3. 4. 2  DESIGN  NO.  2.  The  boom  for  this  design  is  similar  to 

the  port  boom  of  Design  No.  1  except  that  it  is  closed  on  both  ends. 

The  top  and  bottom  plates  also  extend  beyond  the  webs  and  serve  as  a 
means  of  supporting  trackways  for  the  trolley  and  its  wheel  supports. 
The  arrangement  of  this  boom  is  shown  on  Eness  Dwg.  No.  71031-13, 

Sheets  1  and  2.  On  this  drawing,  the  boom  is  shown  extended  to  one 
side;  movement  of  the  boom  to  the  opposite  side  also  causes  the  trolley 
* .»  move  simultaneously  to  that  side.  Support  for  the  boom  is  also 
from  wheels  located  on  the  cross  structures  of  the  bridge.  The  boom 
has  two  (2)  sets  of  extension  machinery  which  will  permit  operation 
in  event  of  a  motor  failure  if  the  couplings  are  released. 

2.3.5  EXTENSIBLE  BOOM  DRIVES 

This  drive  differs  for  Design  Nos.  1  and  2.  The  power 
required  for  the  drives  will,  in  part,  depend  upon  the  list  encountered 
in  the  various  sea  states  which  is  affected  by  the  wave  length.  The 
variation  of  list  with  wave  length  is  shown  on  Figure  2-5.  Listing, 
due  to  wave  motion,  will  be  for  short  duration  and  can  be  absorbed 
by  the  motor  overload  capacity  for  wave  lengths  up  to  70  feet  if  the 
design  is  based  upon  a  sustained  list  of  one  (1)  degree. 

2. 3. 5.1  DESIGN  NO.  1,  The  drive  for  each  boom  consists  of 

two  (2)  sets  of  racks  and  pinions  drives  driven  through  a  gear  reducer 
by  an  electric  motor  having  a  disc-type  brake.  The  boom  drives  are 
located  on  the  bridge  cross  structure. 

Figure  2-5A  indicates  the  horsepower  required  for 
various  degrees  of  list.  The  typical  calculations  for  1  degree  list 
in  Appendix  A  indicates  15  HP.  Based  upon  usual  Navy  practice,  this 
horsepower  will  be  adequate  for  lists  up  to  2  1/3  degrees  which  is  in 
excess  of  sea  state  3. 

Each  of  the  two  (21  boom  drives  shall  consist  of  a 
15  HP  1200  RPM  motor  coupled  to  a  Falk  Y2  reducer,  size  2050,  with  a 
47108  ratio.  Each  motor  is  to  be  fitted  with  a  Sterns  disc  brake, 

Model  1-087-081-X,  Style  87000  (Cap.  -  85  feet  -  pounds). 
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DjgShS  XO.  2.  The  tlriw  for  this  boom,  also  consists 
of  1  rack,  on  each  girder  drives  by  a  pinion  through  a  gear  reducer  mr 

nctor  Lav.ng  a  disc- type  brake. 

Figure  2-5A  indicates  that  250  IP  will  he  sol  table 
enter  a  permissible  ever load  for  lists  up  to  shoot  2  3/4  degrees 
which  is  also  in  excess  of  sea  state  3. 

Two  <2)  125  HP  1200  *PM  Motors  are  selected.  Thee  are 
each  coupled  to  a  Falk  T2  reducer,  size  2100,  vitfc  a  47108  ratio. 
Further,  each  nor  or  is  to  be  fitted  with  a  C.  E.  brake,  A  ICi. 

2.3.0  BRIDGE 


The  bridges  shewn  oc  Eaess  Dug .  tos.  21031-3  and  71031**13 
for  Design  Xos.  1  and  2,  respectively,  are  structurally  the  sane  but 
differ  In  the  number  of  wheel  si^iperts.  Structurally,  the  bridge 
is  a  franc  of  b  xed  girder  construction  having  two  (2)  Main  transverse 
members  maintained  parallel  to  each  other  by  a  cross  structure  at  the 
center  and  at  each  ecc.  The  center  cross  structure  supports  the 
wheels  and  machinery  for  the  beco  propulsion;  the  ecc*  cross  structures 
support  the  wheels  for  the  boon  as  it  is  extended  bevoud  the  barge. 

Two  (2)  intermediate  cross  structures  are  fitted  with  vertical  and 
horizontal  pivots  which  serve  as  the  interface  between  the  bridge  aad 
the  fore  and  aft  links  between  the  kingposts.  The  purpose  cf  the  pivots 
is  to  pc  mi :  articulation  when  separating  the  barge  hulls  and  to  pre¬ 
vent  any  distortion  to  the  bridge  in  event  of  a  difference  in  pitching 
notion  between  the  barge  hulls. 

2.3.7  BRIDGE  SLTPOjfT  AXD  MtlfE 


The  bridge,  shown  on  Eness  Owg.  Ho.  7»D3I-S.  is  supported 
at  each  enc  on  the  flanges  of  the  foie  and  aft  links  by  a  power  driven 
trolley-tfpe  unit  which  has  wheels  for  support  cf  the  load  free  the 
bridge  and  a  pinion  which  engages  a  rack  on  each  fore  and  aft  link. 

The  power  required  for  these  drives  vill  in  part  depend  upon  the  trim 
to  be  enco'intered.  oases  upon  wave  length,  the  cria  that  May  be  ex¬ 
pected  varies;  however,  it  closely  fellows  the  curve  indicated  ia 
Figure  2-6.  For  the  purpose  of  pcv»ring,  a  sustained  trin  of  0.5 
degrees  will  be  ustd.  The  fora  and  aft  travel  is  post  ble  under  Ic'd 
at  the  rate  cf  70  F?X  because  cf  this  saail  trin. 

Maxinun  load  or.  4  -  20"  wheels  *  -550K. 

Force,  FR,  due  to  rolling  contact  is  determined  as  follows: 

Fa  =  d?0  x  100  x  =■  225# 

*  10 

Force,  f{,  rc  o verccsir  a  .5  degree  tria: 

F.  -=  x  1000  x  .0087  =  3920? 

:  :.;Mi  =  410# 
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The  total  drive  efficiency,  f,  is  assumed  to  be  0,6, 

therefore,  required  HP  =  4145  x  70 _  ■  14.7.  Hence,  select  a  15  HP, 

33,000  x  .6 

two  (2)  speed,  1200  RPM  motor  coupled  to  a  Falk  worm  reducer,  AU  800, 
having  a  ratio  of  30:1. 

Inasmuch  as  the  maximum  trim  of  1/2  degree  exists  at  wave 
lengths  above  150  feet  (Figure  2-6)  the  15  HP  is  more  than  adequate. 

2.3.8  FORE  AND  AFT  LINKS 


The  fore  and  aft  links  are  box  type  girders,  each  integral 
with  and  extending  between  two  (2)  elevating  collars  on  the  kingposts 
as  shown  on  Eness  Dwg.  No.  71031-6,  Sheets  1  and  2.  The  top  and 
bottom  plates  of  the  girders  extend  beyond  the  web  plates  and  the 
bottom  plate  supports  the  bridge  support  machinery.  The  collars 
extend  beyond  the  kingposts  to  provide  pivots  for  the  transverse 
links.  Each  end  of  each  fore  and  aft  link  in  way  of  the  collar  has 
a  sliding  lock  which  retracts  to  permit  changing  the  elevation  of  the 
links;  once  at  the  desired  position,  the  locks  are  again  extended  so 
as  to  support  the  full  load  of  the  crane  and  links.  The  collar  is 
arranged  with  shoe  type  slide  bearings  and  moves  vertically  along  a 
guide  bar  on  the  kingposts.  Attached  to  the  collar  is  a  wire  rope 
tackle  which  raises  and  lowers  the  fore  and  aft  links;  the  wire  rope 
leads  are  led  down  the  inside  of  the  kingposts  to  four  (4)  winches 
in  the  hold  of  the  barge.  The  winches  have  split  drums  to  accept 
the  ends  of  each  tackle  which  is  endlessly  rove  through  the  sheaves 
and  hoisting  blocks  shown  on  the  above  referenced  plans.  The  total 
weight  of  the  system  is  predicated  upon  the  design  operating  sea 
state  and  corresponding  wave  length.  The  winches  contemplated  are 
50  horsepower,  so  that  the  elevating  speed  will  vary  with  the  operating 
sea  state  selected. 

The  maximum  travel  for  the  system  is  84  feet  along  the 
kingposts.  Depending  upon  the  structure  selected  for  the  respective 
wave  length,  the  hoist  time  will  vary  between  16  and  42  minutes,  as 
shown  on  Figure  2-7. 

2.3.9  TRANSVERSE  LINKS 


The  transverse  links  attach  to  the  collars  at  the  ends  of 
the  fore  and  aft  links  and  serve  to  maintain  the  parallel  aspects  of 
the  two  (2)  nulls.  These  members  are  box-type  girders  following  the 
type  of  construction  of  the  fore  and  aft  links.  Eness  Dwg.  No. 
71031-6,  Sheets  1  and  2,  shows  the  typical  end  fittings,  pivots,  and 
locks.  These  links  can  be  of  various  strengths,  as  discussed  in  the 
section  on  structural  design,  to  account  for  the  effects  of  wave 
action.  The  after  link  contains  the  separation  machinery. 

2.3.10  KINGPOSTS 

The  kingposts  are  round  tubular  vertical  members  which 
supper,  the  system  and  serve  to  be  a  medium  through  which  the  hulls. 
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are  sepiriteJ.  Depe&fcX  on  Che  expected  wave  action,  various  strengths 
say  be  built  into  these  70s ts,  is  will  be  discussed  in  the  section  on 
hydrodynamic  considerations. 

2.3.11  SEPARATION  XACHiXERT 

The  separation  of  the  two  (2)  hulls  is  accoaplished  with 
the  crane  systea  in  its  lowered  position;  Eaess  Dug.  Xo.  71031-7  shews 
tae  machinery  which  causes  the  two  (2)  hulls  to  come  together  as  veil 
as  to  separate.  The  operation  is  accomplished  by  means  of  diagonal 
cables  between  opposite  pairs  of  pivots  of  the  transverse  link.  By 
reducing  the  length  of  one  cable  and  increasing  the  length  of  the 
other,  the  parallelograa  formed  by  the  links  is  opened  and  closed. 

The  separation  drive  provides  a  positive  displacement  to  one  diagonal 
through  a  roller  chain  which  leads  to  the  cable  on  the  starboard  side; 
*.he  other  end  of  the  chain  is  secured  to  the  cable  which  leads  to  the 
port  side.  This  cable  is  led  to  a  floating  take-up  before  it  is  led 
over  the  port  sheave ,  Beth  cables  ride  in  floating  sheaves  whose 
positions  are  retained  by  springs  such  that  when  the  tension  exceeds 
the  preset  lirit,  the  action  causes  the  sheave  to  move  and  in  turn 
actuates  a  limit  switch.  If  the  tension  in  the  starboard  wire  is  ex¬ 
cessive,  the  starboard  switch  reverses  the  separation  drive  to  payout 
until  the  starboard  sheave  is  restored  to  the  proper  location.  .  If  the 
tension  in  the  port  cable  is  excessive,  the  port  switch  will  cause  the 
floating  take-up  to  abve  to  port  until  there  is  sufficient  slack  in  the 
cable.  When  the  starboard  cable  becomes  slack  or  the  tension  is  reduced 
below  the  preset  value,  slackness  actuates  the  starboard  switch  so  that 
the  separation  drive  will  haul  in  until  the  sheave  is  restored  to  its 
proper  posi-i 1;..  If  slackness  occurs  In  the  port  cable,  the  port  switch 
will  energize  the  floating  drive  so  that  it  will  move  tc  the  starboard 
side  taking  up  the  slack  until  the  floating  sheave  is  restored  to  its 
proper  position;  at  this  time,  floating  take-up  will  be  de-energized. 

The  power  required  to  separate  the  two  (2)  hulls  will 
require  an  initial  force  to  break  the  hulls  from  their  lands.  If 
both  hulls  are  properly  ballasted  very  little  force  will  be  required. 
However,  if  not  properly  ballasted,  or  if  a  lag  or  sag  has  developed, 
considerable  force  nay  be  required  to  start  separation.  It  is  antici¬ 
pated  that  hydraulic  jacks  may  be  required  to  start  the  hulls  when 
separating  and  draw  then  together.  The  forces  involved  to  perform 
the  remaining  operatic-  involves  the  forces  to  move  one  hull  in  a 
current  assumed  to  be  four  (4)  knots.  Separation  is  accomplished  at 
a  speed  requiring  five  (5)  minutes  for  complete  separation.  Once 
separated,  several  concltions  could  be  encountered.  These  are: 

1.  Both  hulls  at  anchor  heading  into  the  wind 
ar.d  sea  and  tied  alongside  tni  ship  being 
served. 

2.  Moored  to  finger  pier  with  ship  being  served 
along  offshore  side  Ir.  protected  waters.  If 
wind  tends  to  move  the  ship  into  the  barge, 
cress  truss  between  hulls  must  be  used. 

Ref.  r  tc  design  of  truss. 
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3.  Tied  alongside  of  the  ship  being  served 
and  headed  into  the  wind  and  sea  with 
lighters  tied  alongside  or  in-between. 

Condition  1.  This  condition  would  not  impose  any  serious 
problem  on  the  diagonal  cables  unless  anchors  dragged  so  that  one 
would  be  more  effective  than  the  other.  This  condition  would  be 
corrected  by  operating  the  windlass  until  parallel  orientation  with 
the  ship  served  has  been  achieved. 

Condition  2.  This  condition  imposes  a  problem  relative  to 
the  strength  of  the  truss  since  the  truss  would  have  to  have  strength 
to  withstand  the  wind  forces  on  the  ship  being  served.  Various  trusses 
to  withstand  such  forces  are  discussed  under  the  truss. 

Condition  3.  This  condition  will  impose  forces  on  the  hulls 
which  will  be  transmitted  to  the  diagonals.  For  this  condition,  a 
four  (4)  knot  sea  is  assumed,  the  drag  from  one  hull  and  any  lighters 
secured,  will  provide  criteria  for  strength  of  the  diagonals. 

Calculations  for  separation  forces  for  the  various  condi¬ 
tions  are  shown  in  Appendix  B. 

In  separating  the  hulls,  the  cable  between  the  aft  starboard 
kingpost  and  the  forward  port  kingpost  are  subject  to  maximum  load  and 
dictate  the  minimum  size  required  to  start  the  separation.  It  has  been 
found  that  the  tension  in  the  cable  is  7.96  times  the  broadside  force 
at  the  center  of  pressure  of  the  moving  hull.  The  broadside  wind  force 
is  the  predominating  force,  as  shown  in  Table  I  of  Appendix  B.  The 
safety  factors  are  plotted  against  wave  length  for  three  (3)  wire 
sizes  in  Figure  2-8. 

Once  in  the  separated  position,  the  diagonal  cables  will  be 
capable  of  fore  and  aft  forces  without  the  aid  of  the  pin  lock  at  the 
transverse  hinge  points.  Assuming  a  1  1/4  inch  wire  rope  which  pro¬ 
vides  ample  safety  factor  for  60  foot  waves,  the  cable  is  capable  of 
a  safe  tensile  load  of  40,000  pounds.  Under  this  load,  the  maximum 
safe  fore  and  aft  force  on  the  outboard  hull  that  could  be  encountered 
is  28,000  pounds.  The  force  from  a  4  knot  current  generating  a  drag 
on  the  hull  plus  the  wind  load  at  24  MPH  will  be  1383  pounds  +  1880 
pounds  or  a  total  of  2363  povnds.  There  is  ample  reserve  to  tie  at 
least  six  (6)  LCM-8  and  six  (6)  Larc  LX  to  this  hull  with  an  allowance 
for  any  pretensioning. 

The  force  required  to  separate  the  hulls,  assuming  minimum 
wind  of  about  10  knots,  will  be  approximately  20,000  pounds  in  the 
diagonal  cable.  The  total  take-up  in  the  stressed  diagonal  is  sixty- 
three  (63)  feet.  The  operation  has  been  assumed  to  take  five  (5) 
minutes . 

HP  =  20,000  x  63  =  io.9  HP 

33,000  x  .7  x  5 
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For  this  condition,  the  assumption  is  that  the  wind  is  broadside  with 
no  protection  and  that  the  hull  is  encountering  resistance.  After 
initial  start,  the  tension  in  the  diagonal  cable  reduces  rapidly  as 
shown  in  Figure  2-9.  In  selecting  a  10  HP  motor,  the  tension  could 
be  increased  to  about  30,000  pounds.  This  overload  will  not  damage 
any  component. 

Assuming  the  maximum  tension  in  the  opposing  diagonal  as 
unity,  the  transverse  force  in  closing  the  hulls  will  vary  as  shown 
on  Figure  2-9  as  TSI.  Based  upon  generating  20,000  pounds  in  TSI, 
the  force  available  at  closing  will  be  13,800  pounds  at  start  and 
19,600  pounds  at  the  end  of  the  motion. 

The  drive  selected  uses  a  10  HP,  1750  RPM  motor  coupled  to 
a  Falk  worm  reducer  Model  AVD,  size  14,  having  a  490:1  ratio,  mounted 
as  shown  on  Eness  Dwg.  No.  71031-7. 

The  10  HP  motor  will  be  adequate  for  winds  encountered  in 
a  mid  sea  state  of  2.  Based  upon  usual  Navy  permissible  overload,  this 
motor  could  be  used  where  15  HP  may  be  necessary,  which  would  be  at 
the  beginning  of  sea  state  3.  It  should  be  kept  in  mind  that  the 
horsepower  calculated  used  maximum  forces  at  the  start  of  motion. 

The  variation  in  time  will  be  nil  based  on  load  variations  unless  a 
DC  drive  is  used  in  lieu  of  AC. 

2.3.12  CORNER  PIVOT  LOCKS 

In  addition  to  the  diagonal  cables,  each  corner  pivot  has  a 
lock  shown  on  Eness  Dwg.  No.  71031-6,  Sheets  1  and  2. 

Appendix  C  indicates  the  loads  and  strength  of  these  pins. 
These  pins  will  be  6  feet  in  diameter.  Although  adequate  to  take  the 
entire  load,  they  will  share  the  loads  to  some  degree  with  the 
diagonals. 

2.3.13  SEPARATION  TRUSS 


The  wave  action  on  the  hulls  due  to  the  various  sea  states 
exerts  forces  on  the  hull  below  the  waterline.  There  is  a  choice  as 
to  adequate  cross  structure  between  the  kingposts,  however,  the  struc¬ 
ture  becomes  considerable  in  size  and  weight,  so  that  for  sea  states 
which  have  a  wave  length  greater  than  60  feet,  the  structure  is  con¬ 
sidered  to  be  impractical.  In  order  to  transfer  forces  from  one  hull 
to  the  other,  several  designs  for  separation  trusses  have  been  investi¬ 
gated  covering  wave  lengths  up  to  160  feet.  The  truss  designs  will  be 
discussed  under  "Structural  Design". 

The  trusses  are  stowed  on  the  underside  of  the  transverse 
links  as  shown  on  Eness  Dwg.  No.  71031-8.  Both  ends  of  the  trusses 
form  a  plate  which  slides  in  a  "T"  slot  in  the  barge  hull  in  a  trans¬ 
verse  line  with  the  pivot  of  the  transverse  links.  When  brought  in 
position  under  the  link,  a  catch  automatically  locks  the  truss  in 
stowed  position.  Before  the  crane  is  raised,  the  locks  are  released 
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and  the  truss  is  lowered  by  winch  power.  The  disconnect  is  at  the 
deck  level  where  a  stop  is  made.  At  this  point,  the  truss  rests  at 
the  bottom  of  the  shell.  The  hoist  cable  is  released  at  the  dis¬ 
connect  and  the  crane  is  raised  to  operational  position.  For  handling 
the  truss,  a  simple  winch  with  a  divided  drum  is  required.  The 
total  travel  is  approximately  45  feet,  where  more  than  half  of  the 
hoist  takes  place  under  water.  The  winch  power  is  estimated  at  10  HP 
which  will  either  raise  or  lower  the  truss  in  approximately  2  minutes 
depending  upon  the  weight  of  the  truss  selected. 

The  recess  for  the  ends  of  the  trusses  will  have  generous 
clearances,  and  si'ice  the  trusses  are  moved  with  links  in  the  lowered 
position,  the  raiding  and  lowering  of  the  trusses  should  not  present 
a  difficult  operation. 

2.3.14  SPREADER 


The  spreader  considered  in  the  design  is  based  upon  a 
commercial  spreader  for  20-foot  containers.  In  order  to  handle 
military  vehicles,  the  spreader  must  be  fitted  with  padeyes  to  accept 
slings  used  in  hoisting  the  vehicles.  The  spreader  must  also  be 
capable  of  supporting  70,000  pounds.  In  event  that  at  a  later  date 
it  is  intended  to  handle  the  40-foot  containers,  a  supplementary 
spreader  may  be  added  and  latched  directly  to  the  20-foot  spreader. 
Should  greater  flexibility  be  required  at  the  start  of  operations, 
a  commercial  spreader  of  the  adjusting  type  can  be  obtained.  This 
spreader  is  more  involved  and  if  40-foot  containers  are  not  contem¬ 
plated,  it  should  not  be  incorporated  in  the  final  design. 

2.4  HYDRODYNAMIC  CONSIDERATIONS 

2.4.1  CRITERIA 

Usual  criteria*  in  determining  hydrodynamic  forces  on 
catamaran  hulls  is  to  assume  sinusoidal  waves  both  athwartship  and 
quartering  on  the  two  (2)  hulls.  The  two  conditions  are  analyzed 
under  the  premise  that  maximum  loads  are  encountered  when  the  center 
planes  cf  the  two  (2)  hulls  are  located  at  the  point  of  inflexion  of 
the  wave  and  when  the  crest  of  the  waves  in  a  quartering  sea  passes 
through  the  forward  quarter  length  of  the  starboard  centerplane  and 
through  the  after  quarter  length  of  the  port  centerplane.  Also  in 
computing  heave  forces,  acceleration  of  t  ,4"g"  are  used.  The  fore¬ 
going  criteria  is  used  on  catamarans  which  are  powered  and  maintain 
their  separation  using  a  permanently  positioned  structure.  The 
analysis  in  this  report  uses  the  same  approach,  however,  several 
modifications  are  made. 

In  beam  seas  the  placement  c'  the  center  planes  to  the 
points  of  inflection  of  the  wave  may  be  used  in  the  catamaran  appli¬ 
cation  covered  by  this  report,  however,  it  is  not  considered  to  be 
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the  only  condition  with  respect  to  transverse  wave  action.  As  the 
ba^ge  will  normally  be  secured  to  the  ship  served,  transverse  forces 
are  not  considered  critical  because  the  barge  will  be  heading  into 
the.  sea.  If  the  barge  is  used  alongside  a  wharf  with  the  crane  raised 
but  not  in  service,  and  not  sheltered  from  waves  and  wind,  there  is  a 
possibility  of  encountering  forces  from  waves  whose  points  of  inflec¬ 
tion  do  not  fall  simultaneously  on  the  center  planes.  The  following 
analysis  assumes  one  hull  restrained  by  a  wharf  while  the  other  hull 
is  exposed  to  wave  lengths  up  to  160  feet.  The  crest  for  these  waves 
are  placed  so  that  the  maximum  differential  of  head  between  the  two  (2) 
sides  of  the  hull  are  obtained. 

In  the  condition  of  quartering  seas,  the  wave  crests  at  the 
fore  and  aft  quarter  points  of  the  center  plane  would  not  provide  the 
most  severe  loading  because  the  hulls,  when  separated,  are  staggered. 
Such  seas  would  tend  to  act  uniformly  on  both  hulls,  therefore,, the 
analysis  in  this  report  assumes  the  separated  b&'.ge  to  be  in  a  direct 
heading  sea  with  wave  crests  located  to  provide  hull  displacement  out 
of  phase  with  each  other. 

2.4.2  BEAM  WAVES 


The  sea  characteristics  used  in  this  analysis  considered 

wave  lengths  up  to  180  feet,  which  fall  into  sea  state  6  as  determined 

from  Figure  2-1.  Because  it  is  considered  convenient  to  use  wave 
lengths,  the  corresponding  significant  wave  height  for  each  wave 
length  has  been  used  from  Figure  2-2. 

As  the  center  to  center  distance  of  the  barge  hulls  is  120 
feet,  two  (2)  waves  of  60  feet  will  place  the  center  plane  of  each 
hull  at  the  point  of  inflection.  The  amplitude  of  the  significant  wave 
height  is  taken  as  3.6  feet.  For  wave  lengths  less  than  60  feet  shown 
in  Figure  2-10, the  waves  are  considered  to  be  acting  upon  the  two  (2) 
hulls  simultaneously  and  not  affected  by  the  wharf  to  which  the  barge 
is  tied.  For  wave  lengths  greater  than  60  feet  the  wave  has  been 

placed  on  the  one  offshore  hull  so  that  the  inflection  point  is  at  the 

center  plane  and  the  wave  acts  independently  of  the  other  hull.  In  the 
absence  of  any  test  data,  this  is  considered  to  be  a  conservative 
approach.  It  is  believed  that  the  hull  adjacent  to  the  wharf  will  have 
an  interaction  with  the  wave  and  tend  to  break  it  between  the  nulls 
so  that  the  trough  will  not  fully  develop,  and,  therefore,  the  differ¬ 
encial  head  will  be  somewhat  less  than  used  in  the  calculations  of 
this  report. 


Where  wave  lengths  are  loss  than  60  feet,  the  crest  of  the 
wave  i,  placed  on  the  extreme  outboard  line  of  the  shell  and  the 
various  heads  are  determined  by  locating  the  elevation  of  the  trough 
on  the  inside  line  of  the  shell.  The  head  on  the  extreme  outboard 
side  (*r>  is  determined  by  adding  the  wave  amplitude  to  the  mean  draft 
which  is  14  feet.  The  head  at  the  Inside  line  of  the  shell  is  obtained 
by  adding  14  feet  to  me  amplitude  multiplied  by  the  sine  of  the  angle 
at  this  point  on  the  •  i  ne  wave.  The  center  of  pressure  (f»  )  is  i/3 
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WAVE  POSITION  FOR  WAVE  LENGTHS  LESS  THAN  60  FEET 
FIGURE  2-10 


WAVE  POSITION  FOR  WAVE  LENGTHS  GREATER  THAN  60  FEET 
FIGURE  2-11 
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£.x  he*..  Where  th»  vessel  is  ut  tied  to  a  «htrf,  ijsadc  accelera- 
tics  is  considered.  The  bu(t,  ubes  alongside  the  whorl,  will  have 
to  absorb  drojoit;  wav*,  forces  so  that  the  density  of  sen— ter  is 
multiplied  hr  1.4  to  obtain  the  force  per  lineal  foot  along  the 
iecgth  of  the  hull;  a  constant  (89.5)  is  need  nd  the  average  pressure 
is  assuaea  to  be  at  the  center  of  pressure  (Cp). 

The  configuration  is  tadi  that  the  lengt  tndinal  center  of 
pressure  could  exert  its  nosionu  force  1  ~migh  oee  transverse  link, 
which  would  be  alternated  to  the  other  transverse  link  if  the  neoring 
was  reversed  free  one  hull  to  the  cthet.  Therefore,  the  nuinn  hydro¬ 
dynamic  forces  are  assmed  to  he  transferred  between  one  set  of  king¬ 
posts  through  the  trausverse  11  A. 

For  wave  lengths  of  60  feet  asd  longer,  the  point  of 
inflection  at  the  center  plane  offers  spnetry  sack  as  sham  in 
Figure  2-11.  The  differential  head  is  predicated  open  the  slope  rf 
the  sire  wave  at  the  point  of  inf  lection.  For  wave  lengths  eg  to 
ISO  feet  the  wave  height  is  such  that  the  slope  of  the  sine  wave  at 
the  point  of  inflection  Increases.  Seyond  150  ieet,  the  wave  height 
Is  such  that  the  slope  of  the  wave  at  the  point  of  inflection  de¬ 
creases.  Therefore,  based  the  established  wave  height  and  wave 

length  relationship,  the  cataaaran  halls  would  "*ot  encounter  forces 
greater  than  those  generated  by  the  wave  ISO  feet  in  length. 

Figure  2-12  irwii cutes  tfe.-  average  force  for  each  foot  af  barge 

length  and  center  of  pressure  f^yg)  an  the  extreme  outboard  shell. 

Far  the  irside  shell  these  values  are  indicated  as  \  and  ^ 

The  cm  of  bevy  an  cy  is  ass—  d  to  act  thnmgh  the  center 
plane  *»  15  feet  free  the  side.  The  kingposts  are  located  5  feet  out¬ 
board  c.  the  center  of  bocyaacy,  iatrodocing  an  additional  mourn  to 
the  kingpost  and  cross  structure.  Considering  the  collar  for  the 
link  tr  be  reasonably  ri »ic  to  introduce  fixity,  ike  a» jurats  at  the 
collar  are  determined  by  assuming  a  V00K  vertical  load  on  each  kiog- 
nast  at  a  scant  arn  of  5  feet.  This  value  wold  cover  crane 

vciares  designed  for  op  to  50  foot  wave  lengths.  Additionally,  as 
acceleration  of  Is  assumed.  The  trars verse  links  are  125  feet 

fr«  the  neut  al  axis  to  the  base  line. 

The  rvocKiit  af.  the  center  of  span  of  the  transverse  link 
pcint  can  be  cbtjir.ec  frsn  the  fcliwiaj  equation: 

-  \  '  =  [?,  ‘1I5-W  -  ?L  Ji° 

The  no: er.t  at  the  collar  point  "0“  cm  be  obtained  by  the 

fellow. ng: 


The  rant  on  the  kingpost  at  the  deck,  point  "IT*  can  be 
c stained  fey  the  fellwing: 


2  *Si  *  [FE  <28"cr*)  "  fl  »Sl»]  310  ±900  *  5,0 

Using  the  values  fraa  Figure  2-12.  nonents  can  be  calculated 
selecting  those  conbioatioas  for  niun  nonents.  These  valoes  have 
been  plotted  against  wave  length  on  Figure  2-13.  As  the  nagnitude  of 
the  nonents  are  high,  the  effect  of  wind  and  current  being  very  snail 
is  negligible. 

2.4.3  SEAPUK  SEAS 


Conditions  in  heading  seas  have  also  been  generated  csing 
the  sinusoidal  waves.  These  waves  are  p*?ced  so  that  one  hull  is  in 
equalibriwn  and  an  an  even  keel.  The  effect  on  the  other  hull,  by 
virtue  of  its  position,  would  he  acted  upon  by  the  tan  wave  fonts, 
however,  the  center  of  bouyancy  will  change,  subjecting  the  trans¬ 
verse  links  to  torsion  as  a  result  of  the  tendency  for  the  hull  to 
encounter  pitching.  Figure  2-14  shows  the  port  hull  on  an  even  keel 
while  the  starboard  keel  is  subjected  to  40-foot  waves.  It  should 
be  noted  that  the  crest  of  the  waves  introduce  an  increase  In  bouy¬ 
ancy  while  the  trough  presents  a  loss.  The  nonents  (10  of  each  crest 
and  trough  will  provide  the  unbalanced  noneat  causing  pitching.  Using 
the  area  (A)  of  die  sine  wave  above  and  below  the  nean  draft  and 
detemiaing  the  lever  iron  the  stern,  the  new  center  of  boeyancy  (Cg) 
is  established. 


The  area  of  the  center  plane  (A^p)  is  the  draft  (14  feet) 
mitiplied  by  the  length  (310  feet). 


A^y  +  310  feet  a  14  feet  *  4330  $4.  ft. 


ACP  -  2175  sq.  ft. 

2 

The  draft  aft  (D*)  and  forward  (Dp)  are  deterninei  by 
bistributing  the  center  plane  area  equally  fore  and  aft  of  the 

~2~ 


cen'er  of  houyancr. 


D  -r  14 

A _ 


D_  +  14 

t 


These  drafts  are  obtained  by  the  following: 
x  C  «  2175 

o 

x  C3  -  2175 
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The  draft  forward  and  aft  will  provide  the  instantaneous 

trim  ”0". 

Tan  0  -  DA  -DF 
310  feet 

The  variation  in  trim  has  been  plotted  and  indicated  in 
Figure  2-16.  The  plot  indicates  that  for  wave  lengths  up  to  150  feet, 
the  tria  is  .3  degrees  or  less. 

A  check  of  the  stress  due  to  torsional  deflection  indicates 
very  low  stress.  For  this  stress,  a  40-foot  wave  structure  was  assuaed 
having  a  depth  of  96  feet  and  a  width  of  36  feet.  The  web  is  5/8  inch 
and  the  alniaua  thickness  of  the  flange  was  taken  at  2  7/8  inches. 
Assuaing  the  .3  degree  tria  resulted  in  a  torsion  deflection  of  .15 
degrees  on  the  transverse  links,  the  maximum  stress  is  less  than  700 
PSI  assuaing  case  11  of  Roarks  Fourth  Edition,  page  196. 

The  barge,  when  sid>jected  to  broadside  waves,  causes 
listing  when  the  wave  length  is  such  that  the  distance  between  center 
planes  is  not  a  nodule  of  the  wave  lengths  for  values  less  than  120 
feet.  When  wave  lengths  are  20,  30,  40,  60,  and  120  feet,  the  hulls 
are  subjected  to  heaving  with  no  resulting  list.  Other  wave  lengths 
cause  a  list  which  is  determined  by  placing  one  hull  on  the  crest  of 
the  wave  and  determining  the  location  of  the  center  plane  of  the 
other  hull  relative  to  the  wave  trough. 

The  list  B  may  be  determined  from  the  following: 

Tan  B  -  M  -  Cos  (UQ-VL  a  360) 

H  VL 

Where  -  amplitude  of  the  wave 
-  length  of  the  wave 

For  wave  lengths  up  to  160  feet,  the  theoretical  lists  are 
plotted  on  Figure  2-15.  The  barge,  when  used  alongside  a  ship,  will 
not  normally  be  subjected  to  these  lists  while  operating.  Also,  it  is 
not  likely  that  these  lists  will  appear  during  normal  operations 
alongside  a  pier  due  to  the  Interaction  of  craft  surrounding  the  barge. 

From  the  standpoint  of  hydrodynamics,  the  barge  alongside 
a  vessel  with  their  bows  into  heading  seas  will  be  the  prevailing  con¬ 
dition.  A  secondary  condition  will  be  one  where  the  barge  is  secured 
to  a  wharf  or  causeway.  Under  this  condition,  there  are  alternatives 
to  the  placement  of  the  barge. 

One  alternative  would  be  to  have  the  separated  barge 
straddle  the  causeway  or  finger  pier  so  that  one  hull  separates  the 
pier  from  the  ship  being  served.  The  barge  will  be  protected  and 
therefore,  wave  heights  would  be  insignificant  for  most  cases. 
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The  second  alternative  would  be  to  place  the  separated 
barge  alongside  a  wharf  between  the  ship  and  the  wharf.  In  this 
particular  case,  the  beam  wind  on  the  ship  will  tend  to  exert  a 
closing  force,  on  the  barge  unless  the  separation  trusses  are  of 
sufficient  strength.  Further  discussion  will  be  made  under  struc¬ 
tural  design  of  trusses. 

The  third  alternative  is  with  the  barge  tied  to  the  wharf 
along  a  river  front  and  the  served  ship  outside  in  a  current  of  4 
knots.  A  large  container  ship  of  880  feet  between  per  endiculars 
105.5  feet  wide  and  34  feet  draft  will  impose  a  fore  and  aft  force 
of  approximately  250,000  pounds.  Under  such  a  condition,  stern  and 
head  lines  to  the  pier  should  be  long  so  as  to  not  subject  the  barge 
to  large  closing  forces.  The  head  lines  of  about  30  degrees  will 
impose  approximately  125,000  pounds  towards  closing  ar.d  would  require 
a  truss  to  withstand  this  force. 

2.4.4  OPERATIONAL  LIST 


Each  hull  of  the  barge,  when  separated,  requires  approxi¬ 
mately  20  tons  to  displace  the  hull  1  inch.  Relative  to  Design  No.  1, 
with  both  booms  extended  equal  amounts,  the  handling  of  a  44K  container 
load  at  171  feet  from  the  center,  will  impose  a  load  of  162K  (72.2  T) 
on  the  near  hull  and  -78K  (-34.9  T)  on  the  far  hull.  The  increased 
insoersion  of  the  near  hull  will  be  approximately  3.6  inches  and  the 
far  hull  will  xaise  approximately  1.5  inches. 

The  list,  0  =  ton  5. 1 _  =  13.5  minutes  (.22  degrees) 

12  x  120 

When  handling  70K  load  at  101  fset  from  the  center,  the 
lead  on  the  near  hull  is  147. 5K  (66  T)  and  -37. 5K  (-1.67  T)  on  the 
far  hull.  The  immersion  of  the  near  hull  will  increase  approximately 
3.3  inches  and  the  far  hull  will  raise  approximately  .85  inches. 

The  list  9  =  ton  4.15 _ =  10'  (.17  degrees) 

12  x  120 

Design  No.  2  has  an  increased  operating  list  because  of  the 
moving  extensible  boor..  The  container  load  on  the  near  hull  is  31 3K 
(:40  T>  and  on  the  far  hull  -115. 7K  (-51.6  T) .  The  list  is  23  feet 
(.38  degrees).  When  r.andling  a  70K  load  at  101  feet,  the  load  on 
the  near  hull  is  296. 5X  (133.5  T)  and  on  the  far  hull  -65. 2K  (-29.1  T) . 
The  resultant  list  is  just  under  20  feet  (.33  degrees).  Figure  2-15 
indicates  list  with  respect  to  load  location. 

2.5  MECHANICAL  DESIGN 

The  basis  for  mechanical  design  has  taken  into  account  the  vari¬ 
ous  aspects  of  con”enticr.al  crane  design.  In  a  preliminary  analysis, 
:ianv  details  cannot  oe  explored  in  depth;  however,  the  design  generallv 
c. errs  to  the  puolication,  "A  Guide  for  Shipboard  Crane  Specifica- 
t-or.s",  to  he  published  by  the  Society  of  Naval  Architects  and  Marine 
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Engineers.  This  publication  provides  the  criteria  for  cranes  used  in 
the  commercial  marine  field. 

2.6  STRUCTURAL  DESIGN 

2.6.1  STRUCTURE 

The  structure  covered  by  this  report  used  ASTA-A514  or  A517 
steel  having  a  minimum  yield  point  of  90  KSI  and  a  minimum  ultimate 
tensile  strength  of  105  KSI.  This  material  has  been  used  in  major 
strength  components.  The  analysis  has  combined  many  known  aspects 
of  the  conditions  to  which  the  structure  will  1  exposed.  Until  actual 
experience  is  encountered,  the  conservatism  or  lack  of  conservatism 
will  not  be  known.  In  general  the  allowable  stress  in  bending  is  taken 
at  27,000  PSI  with  allowance  made  for  buckling,  where  required.  The 
assumptions  used  in  the  study  tend  to  be-  conservative  and  therefore 
the  design  is  expected  to  be  on  the  conservative  side. 

2.6.2  EXTENSIBLE  BOOM 

The  extensible  boom  has  been  designed  for  a  44,000  pound 
load  at  an  outreach  of  96  feet  which  permits  coverage  over  container 
cells  in  vessels  105  feet  wide.  Additionally,  the  boom  can  support 
a  70,000  pound  load  at  70  feet.  In  Design  No.  1  and  No.  2  the  boom 
is  a  boxed  section  with  extending  flanges  and  is  4  feet  deep  and 
20  inches  wide.  The  scantlings  have  been  varied  to  provide  the 
lightest  structure  in  keeping  with  weight  considerations.  Eness  Dwg. 

No.  71031-3  indicates  the  general  configuration.  Appendix  D  indicates 
the  bending  moment  and  shear  diagrams ,  and  provides  means  for  the 
selection  of  a  section  having  suitable  properties.  It  should  be  noted 
that  the  70,000  pounds  at  70  feet  provides  the  maximum  moment  on  the 
structure  and  the  moment  diagram  illustrates  the  moment  for  one  member 
of  the  boom. 

2.6.3  BRIDGE 

Main  bridge  structure  which  travels  fore  and  aft  on  the 
fore  and  aft  links  provides  the  support  for  the  wheels  on  which  the 
extensible  booms  ride.  It  is  a  boxed  section  with  extended  flanges  and 
is  5  feet  deep  and  15  inches  wide.  The  structure  is  composed  of  two 
(2)  boxed  members  transversely  oriented  with  cross  ties  for  support 
of  wheels  and  machinery.  Appendix  E  indicates  the  bending  moment  and 
shear  diagram  for  one  member  resulting  from  a  70,000  pound  load  at 
7G-foot  outreach.  As  operations  can  be  achieved  on  either  side,  it 
is  considered  that  the  most  economical  structure  would  be  members  of 
constant  properties  for  the  length  in  lieu  of  selecting  some  lighter 
structure  where  there  is  a  slight  reduction  in  bending  moment. 

Appendix  E  indicates  possible  scantlings,  for  the  purpose  of  this 
report  a  flange  1  1/8  inches-thick  and  3/8  inch-web  will  be  used. 
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2.6.4 


FORE  AND  AFT  LINKS 


The  fore  and  aft  links  supporting  the  bridge  are  subject 
to  loads  depending  upon  the  location  of  the  bridge.  It  is  a  boxed 
section  with  extending  flanges.  It  measures  6  feet  in  depth  and  is 
30  inches  wide.  The  reactions,  bending  moment,  and  shear  diagrams 
are  indicated  in  Appendix  F,  with  means  to  determine  the  required 
section  and  weight.  As  the  crane  moves  fore  and  aft,  the  scantlings 
for  these  links  are  considered  to  be  constant  in  lieu  of  reducing 
scantlings  where  there  is  a  reduction  in  bending  moment. 

2.6.5  TRANSVERSE  LINKS 


The  transverse  links  which  maintain  the  barge  orientation 
are  affected  by  the  sea  states,  and  therefore  vary  in  design  depending 
upon  the  wave  lengths  for  each  sea  state.  Appendix  G  indicates  the 
bending  moments  for  various  wave  lengths  including  allowance  for 
structural  deadweight.  The  composite  moment,  required  section  modulus, 
and  scantlings  are  also  indicated.  The  composite  moment  is  a  combi¬ 
nation  of  dead  load  and  live  load  movements  which  provide  the  maximum. 
The  estimated  dead  load  has  been  assumed  and  found  to  vary  approxi¬ 
mately  1  to  3  percent.  The  strength  of  the  short  wave  length  members 
are  in  slight  excess  while  the  larger  wave  lengths  are  slightly 
deficient  with  respect  to  dead  load.  Further  refinement  will  be 
required  during  the  final  design  stage.  The  section  property  and 
weight  may  be  obtained  from  Appendix's  F  and  G. 

2.6.6  KINGPOSTS 


The  kingposts  which  support  the  load  are  subject  to  varying 
loads  dependent  upon  the  sea  state.  Several  post  designs  and  diameters 
were  considered.  The  designs  considered  were  those  of  posts  having  a 
cylindrical  shell  with  uniform  thickness  to  withstand  the  loads,  a 
cylindrical  shell  with  "T"  members  inside,  and  a  cylindrical  shell 
with  inside  plate  doublers  on  the  axis  of  maximum  bending.  The  out¬ 
side  post  diameters  considered  are  72,  78,  84,  96,  and  108  inches. 
Appendix  H  also  has  means  for  determining  the  properties  of  kingposts 
having  a  uniform  thickness;  having  a  structural  "T"  added  inside;  and 
properties  for  kingposts  having  a  flat  plate  doubler  where  the  thick¬ 
ness  of  the  doubler  is  the  same  as  the  shell.  In  all  cases,  a  4  x  8 
inch  steel  bar  was  considered  to  contribute  to  the  strength  although 
it  is  used  primarily  as  the  slide  for  the  collar.  The  insidp  doubler 
provides  for  a  greater  efficient  structure  with  weight  savings  be¬ 
tween  1  to  7  percent.  It  is  considered  that  the  inside  doubler  pro¬ 
vides  maximum  strength  with  respect  to  weight  and  as  such  has  been 
applied  to  the  design. 

Analyzing  all  situations  with  respect  to  column  action,  the 
maximum  L/R  was  found  co  be  10  based  upon  the  minimum  section  compris¬ 
ing  the  kingposts.  The  selection  of  scantlings  are  such  that  there 
is  ample  margin  in  the  actual  stress  to  cover  the  low  values  of  direct 
compression.  The  ratio  of  10  for  L/R  will  not  materially  reduce  the 
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allowable  compressive  stress  so  that  these  stresses  can  be  combined 
directly. 


For  a  comparison  of  crane  loads  on  kingposts  for  various 
wave  lengths  see  Figure  2-16. 

For  variations  in  kingpost  weight  versus  wave  length  see 
Figure  2-17. 

2.6.7  SEPARATION  TRUSS 


For  operation  in  certain  sea  states,  the  hulls  are  required 
to  have  a  structure  to  maintain  the  separation;  two  trusses  are  pro¬ 
vided  for  this  purpose.  The  sea  state  and  resultant  action  imposes 
varying  forces  on  such  a  structure  which  will  absorb  approximately 
95  percent  of  the  hydrodynamic  forces.  The  separation  truss  is  shown 
on  Eness  Dwg.  No.  71031-8.  It  is  made  up  of  tubular  members.  The 
forward  truss  is  subject  to  the  higher  loading;  however,  both  trusses 
are  made  identical  in  scantlings  as  a  safety  measure.  Figure  2-18 
shows  the  variation  of  truss  force  with  wave  length.  Appendix  J  tabu¬ 
lates  the  various  pipe  sizes  required  for  chord  members  for  different 
wave  lengths . 

A  plot  of  truss  weight  versus  wave  length  is  presented  in 
Figure  2-19. 

2.7  WEIGHTS  AND  CENTERS  OF  GRAVITY 


The  weight  of  crane  Design  No.  1  had  been  developed  in  depth 
because  it  is  greater  than  that  of  Design  No.  2.  For  the  weight  of 
Design  No.  2,  corrections  will  be  made  to  the  weight  data  of  Design 
No.  1. 


Inasmuch  as  the  weight  of  the  crane  without  a  truss  becomes 
excessive  at  the  60-foot  wave  length,  further  strengthening  of  the 
design  for  the  crane  for  higher  wave  lengths  is  considered  to  be 
impractical.  Operation  of  the  crane  in  the  higher  wave  lengths  will 
be  achieved  by  the  selection  of  appropriate  separation  trusses. 
Tabulations  in  Tables  II  and  III  on  the  following  pages  and  in  Appendix 
K.  indicate  the  breakdown  of  weights  and  centers  of  gravity  by  component 
and  wave  length  for  the  systems  without  the  separation  truss  and  with 
the  separation  truss.  The  purpose  of  these  tables  is  to  permit  an 
evaluation  of  the  various  possibilities  for  discussions  to  follow. 

The  weight  information  has  been  combined  with  the  component 
location  to  establish  the  center  of  gravity  for  wave  lengths  to  60 
feet.  These  centers  of  gravities  are  independent  of  the  use  of  the 
truss  and  are  taken  from  the  top  plane  of  the  fore  and  aft  links;  the 
vertical  center  of  gravity,  with  respect  to  the  barge,  can  be  obtained 
by  subtracting  this  center  of  gravity  from  the  height  of  the  plane 
above  the  selected  datum.  The  center  of  gravity  coordinates  versus 
wave  length  are  plotted  on  Figure  2-20. 


SKKt 


•iiS 


BSIKCi 

(■HMI 

isni 


m 


n»» 


i  R 


sans 


naassas!! 


aiaMHM 


3355K  ■■»•■••§■ 
!■■■■■■  ■■■■■■■§■ 


:i:asa 


ZKsaaas: 


<■■■•*  aaaaa aaaaa  ■■#•■ ■ 
••■HMHUIIIMinHt 
•  a aaaaa  aaaaa aaaaa  aaaaa aaaaa ■■■  a.  -aafl  ..  mmn*i  itpMa 


wm 


Tfi 


■■■■■■••aa 


::::::::: :: 


:x»: 


:r::a: 


am: 


■aaa aaaaaaa 


■  ■a’  j«aaaii 


•■■■a* 
•  ■■•Ml 


SK. 


:kk: 


tam 


tea: 


mi 


assaa:::: 


3:a:asxa:a: 


■  aaaM  aaaaa a 

■  ■■■at  uaaaiaaaaaaaHi 

a<iruMuiiaaaaaaMaa 
r  Liaatwauatiantaa 


a  Maui 
i  ■Mfiia 


:ss: 


a::::;;: 

aifa  itai 


:a: 


■ •»■■§■■■■ 
■ ■■■•«■■•■ 


:S: 

arf*a» 

aaaaa 


■  ataaaaftl 
■ aaaaa iLa 


xaaaaacaa' 

•  ■■wtannitaai « 
auiaataMiaiaai  a 

•  ■•aaiiaaaM^M  .a 


Saa*  '■■■•««!» 
*■■■■■#■■ 
iraa  iiafaaiiaa 


- I — Hi —  IBB  a  auoa  a  - 

•■!■■»■? niNiaaai  intaano 
•■■■■••a  iaaiimai  motaMi 
aaaaaaaaaiaaalaaaa uaaaaaaaa 


■■caaaaa 

maaiva 


aaaaaaa aaaaa 


:aaau 


:aa: 


FORCE  ON  SEPARATING  TRUSS  VS 
WAVE  LENGTH 
FIGURE  2-18 


auia 

!■•■*■ 


aaaai 

■■■■i 


aaaaan  aaa. 


icrb: 

;a:5: 

>■•■■■ a 


a 

a  itfain 
t  aaaaaaa 

asaa 


:aa: 


waawaiamMMaiiMHl 

:t  aa:a:a  H»aeu:  aa: 


MM  MM** 
anaaaaMai 

aaaaa  aaaaa  ai 


KKSSUSi 


aa*t ifaai aaaai «9aaa aaaai 
iaaia  alaaijr  a  aa  aaaM  aaaai 

^HTaS^SIH 


I aaaaaaa  «>  a 

■  aaaaaaa-  *a 

■  aaaaaaa  ••  I 


■*  ?■* 
ai  iaa. 


a aaaaa  aaaaa 


aasaai 
a aaaaa 


Mi 
•2  a 


smee 


:k: 


■aaal 

tzih 


::S» 


sti: 


:sk: 

-a  mu 


I aaaaaaa — a 


aaaai  tlriaaaia 


RWaSISSiS! 

■aiai aaaaa  aaaaa ■■•■ 


!  i::i 


■»••■■•— aa«if  <•§#•■  *■■■ 
■■■■■■a-'  .aaafti|aaa«a  35mi 

aaaai  aa*  'taiaM#  <a*  aaaai 
•aaa 


■B»b 

I  aaaaaaa'  aaii 
I aaaaaaa *■ >■■* 


kaa: 

I  aaaaaaa. 

lipsi 

■•aaaaa 
■  aaaaa  a 
■ aaaaa a 
I aaaaa  a 

ISHH 


itaessxisiSH 
smxssoanii 


m: 


1 

l*S?i 


us: 

i  aaaai 


■■•awni 
aaaaiwaaa 
a  aaaai  a  a  a 


ssaai 


isat 


KKiissusuis:: 


:B!.ta:aK 

aaaaa  t— i  aaaaa 


!!»!! 

tBasi- 

*8138!. 


J!i 


•Safi 


iffis: 

issui 

L  aaaaa a 


:s:: 


stir 


Uaaa  I 

a  aaatatfMl 

■  ■Mtaritaa 
IINHIIIM 
■ aaaaa  aaaaa 
a aaaaa aaaaa 
natAaaaail 

::::::::::: I 

a aaaaa aaaaa I 
a aaaaa aaaaa 
■«aaa« aaaaa 
a aaaaa aaaaa 
< aaaaa aaaaa 

■  ntaiataal 

■  •■■aaaaaaa 

:ch::RK:l 

a  aaaaa aaaaa 
a aaaaa aaaaa 
a aaa an aaaaa 

ISSRUi 

•  aaaaa aaaaa  I 
iHaaiuiii 
a aaaaa aaaaa 
aaa  aaa  aatwa 


“33f 

MtMl 


iOB&iraSlTSSSiaSRB! 

mammae 

wBBsmm 


iinllii 


iHMHMiiiM 

liaaiB  MMiiaBiiiiaBiBHi«a5§BB5iiiiSHli 

Pi IHMHJH *B1BK 'Hi  HP1 W  PH  ffi»«  PHiHW  fWBF' "‘aifttitl 

UJfltHLJnpL.  88fe.iiBKIUM.5«S-tc3lll4X!3g5....j8roi 


isaEssai 


TABLE  II.  CRANE  AND  KINGPOST  WEIGHTS  (NO  SEPARATION  TRUSS) 


MACHINERY  STRUCTURE  WEIGHT* 


ITEM 

WEIGHT  t 

*s 

o 

.  J 

25'  WL 

£ 

O 

60'  WL 

Trolley  Machinery 

Trolley  Structure 

28.0 

12.0 

12.0 

12.0 

12.0 

Port  Boom 

115.8 

115.8 

115.8 

115.8 

Starboard  Boom 

113.8 

113.8 

113.8 

113.8 

Boom  Extending  Machinery 

15.3 

Boom  Support  Wheels 

21.6 

Transverse  Beam 

111.2 

111.2 

111.2 

111.2 

Articulated  Support  (Jnits(2) 

13.0 

Port  Fore  and  Aft  Link 

82.3 

99.6 

133.1 

213.4 

Sta.'bcard  Fore  and  Aft  Link 

82.3 

99.6 

133.1 

213.4 

Forward  Transverse  Link 

50.7 

104.5 

209.0 

459.0 

Aft  Transverse  Lirvk 

50.7 

104.5 

209.0 

459.0 

Hull  Separation  Machinery 

20.4 

Sub-Total,  Machinery/Structure  98.3 

618.8 

761.0 

1037.0 

1697.6 

Sub-Total,  Crane  Machinery 
plus  Structure 

717.1 

859.3 

1135.3 

1795.9 

Kingpost  Structure  (4) 
and  Hoist  Tackle  (4) 

15.4 

+  360.0 

or 

18.4 

+ 

568.0 

or 

24.3 

+ 

972.0 

or 

38.4 

+ 

1560.0 

Hoist  Winch  (4),  (In  Hold) 

72.0 

Sub-Total .Machinery/Structure  185.7 

1077.1 

or 

188.7 

1427.3 

or 

194.6 

2107.3 

or 

208.7 

3355.9 

TOTAL,  Machinery/Struct.ures 

1262.8 

1616.0 

2301.9 

3564.6 

J  All  weights  in  KIPS 
*  WL  *  Wave  Length 
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TABLE  III.  TOTAL  WEIGHT  OF  CRANE,  KINGPOSTS,  AND  SEPARATION 
TRUSSES  FOR  VARIOUS  WAVE  LENGTHS 

In  the  following  tabular  summary,  the  weight  of  a  pair  of  separation 
trusses  designed  for  various  wave  lengths  are  added  to  the  weight  of 
the  crane  and  four  kingposts  designed  for  wave  lengths  of  10,  25,  40 , 
and  60  feet. 


WL 
a  n 

v  |  Weight  of 
e  h  Trusses (2 

10*  Wave  Length 

25'  Wave  Length 

40'  Wave  Length 

60* 

Wave  Length 

Crane  & 

Post  Total 
Weight  Weight 

C'.ane  & 

Post  Total 
height  Weight 

Crane  & 

Post  Total 
Weight  Weigh" 

Crane  & 

Post  Total 

Weight  Wei^it 

FT.  KIPS 

KIPS  KIPS 

KIPS  KIPS 

KIPS  KIPS 

KIPS  KIPS 

5.5  11.0 

1262.8  1273.8 

161 

6.0  1627.0 

230 

1.9  2312.9 

356 

4.6  3575.6 

25  1R. 8 

1281.6 

1634.8 

2320.7 

3583. * 

40  34.4 

1297.2 

1650.4 

2336.3 

3599.0 

50  44.8 

1307.6 

I 

166b. 8 

2346.7 

3609.4 

60  88.4 

1351.2 

1704.4 

2390,3 

3653.0 

80  110.6 

1373.4 

1726.6 

2412.5 

3675.? 

90  118.6 

1381.4 

1734.6 

' 

2420.5 

3683.2 

100  125.0 

1j87.8 

1741.0 

2426.9 

3689.6 

110  142.8 

1405.6 

1758.8 

2444.7 

3707.4 

120  143.4 

1406.2 

1759.4 

2445.3 

' 

3708.0 

140  144.6 


1407,4 


1760.6 


2446.5 


3709.2 


A  comparison  of  the  weights  of  the  components  which  are  differ- 
er':  in  the  two  (2)  designs  is  presented  in  Table  IV  below.  The 
difference  in  weight  obtained  in  going  from  Design  No.  1  o  Design 
No,  2  is  also  shown. 


TABLE  IV.  COMPARISON  AFFECTING  CRANE  WEIGHT 


COMPONENT 

DESIGN  NO.  1 

DESIGN  NO.  2 

DIFFERENCE 

Extensible  Boom 

229. 6K 

123. 3K 

-106. 3K 

Boom  Extending  Machinery 

15. 3K 

21. 5K 

+  6.2K 

Boom  Support  Wheels 

21. 6K 

13.  IK 

-  8.5K 

Miscellaneous 

3.7K 

+  3.7K 

TOTAL  226.5K 

161. 6K 

-104,9k 

2.8  OPERATIONS 

Both  crane  designs  have  the  capability  of  transferring  con¬ 
tainers  between  a  container  ship  and  dock,  causeway,  landing  craft, 
lighter,  or  amphibious  vehicle  as  shown  on  Euees  Dwg.  Nos.  71031-9 
and  71031-10.  Only  Design  No.  1  is  capable  of  burtoning  break-bulk 
cargo  as  shown  on  Eness  Dwg.  No.  71031-11.  The  preceedirg  material 
in  this  report  endeavored  to  illustrate  the  many  aspects  of  the  crane 
and  the  areas  in  which  certain  factors  will  limit  or  extend  the 
operations.  For  the  purpose  of  this  report,  operation  was  assumed 
to  be  in  a  40- foot  wave  without  the  use  of  the  trusses. 

Operations  with  lighters,  landing  craft,  etc.,  will  be  limited 
wnen  the  trusses  are  used.  In  Appendix  L  investigation  has  teen  made 
in  this  regard  using  the  Larc-LX  and  the  LCM-8.  Figure  2-21  indicates 
the  variation  of  clearance  over  the  separation  truss  with  wave  height 
for  these  vessels.  Where  trim  or  list  develope,  the  limiting  wave 
height  should  be  reduced  accordingly. 

2.9  COSTS 

The  cost  of  the  crate,  including  links,  posts,  and  winches  will 
be  predicated  upon  the  wave  length  related  to  the  desired  sea  state. 
These  costs  are  summarized  in  Table  V. 
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TABLE  V.  EFFECT  OF  WAVE  LENGTH  ON  COST  OF  CRANE 


DESIGN  NO.  1 


Wave  Length 

10’ 

25' 

40* 

60' 

Machinery 

$196,000 

$196,000 

$  156,000 

$  196,000 

Crane  structure 

320,000 

386,000 

507,000 

801,000 

Kingposts 

160,000 

254,000 

434,000 

695,000 

Winches 

80,000 

80,000 

80,000 

80,000 

Hoist  Tackle 

IS. 000 

18.000 

23.000 

36.000 

Total  Cost 
(no  truss) 

$771,000 

$934,000 

$1,240,000 

$1,808,000 

DESIGN  NO.  2 

Wave  Length 

10' 

25* 

40' 

60' 

Total  Cost 

$723,500 

$886,500 

$1,197,500 

$1,761,500 

Considering  chet  the  crane  designed  for  Che  10-foot  wave  length 
could  normally  be  used  with  a  truss,  the  cost  of  the  crane  using  a 
truss  for  a  180  foot  wave  length  will  be  $842,000  for  Design  No.  1 
and  $794,000  for  Design  No.  2.  Should  the  crane  be  required  to  operate 
in  a  fully  developed  sea  state  of  3  where  the  wave  length  is  70  feet, 
the  cost  for  Design  No.  1  is  $824,000  and  $776,000  for  Design  No.  2. 
Costs  for  various  combinations  of  crane  and  truss  can  be  determined 
using  Figure  2-22,  which  shows  a  curve  of  truss  cost  versus  wave 
length. 

2.10  DISCUSSION 


The  selection  of  the  crane  is  dependent  upon  the  wave  length 
as  it  relates  to  sea  state.  The  selection  of  the  various  options  pre¬ 
sented  and  the  costs  illustrated  permits  one  to  arrive  at  the  optimum 
crane  design. 

In  summary,  Design  No.  1  has  a  greater  weight  and  cost  than 
Design  No.  2.  This  Is  primarily  because  the  outreach  of  Design  No,  2 
is  obtained  by  a  single  extensible  boom,  whereas  two  (2)  boon  struc¬ 
tures  arc  provlasd  in  Design  No,  1.  Further,  Design  No.  1  provides 
extension  of  the  boom  Independent  of  load,  while  Design  No.  2  requires 
both  the  load  and  the  boom  be  accelerated  and  moved  each  time  a  load 
is  transferred, 

in  operation,  Design  No.  1  permits  selective  extension  of  the 
booms ,  while  Design  No.  2  does  not.  A  desired  outreach  can  be  obtained 
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for  both  designs;  however,  the  boom  of  Design  No.  2  will  have  con¬ 
siderable  projection  beyond  the  container  except  in  the  case  of  extreme 
outreach.  In  close  operations  this  feature  limits  the  spotting  of  the 
container. 

Design  No.  2  requires  greater  horsepower  because  of  the  boom 
movement,  but  the  cost  of  the  additional  horsepower  is  not  too  signifi¬ 
cant  in  the  overall  cost  of  the  crane. 

Design  No.  1  will  permit  extension  of  the  boom  on  one  side  co 
as  to  counterbalance  the  beam  on  the  other  jide.  Design  No.  2  does 
not  provide  this  feature  and,  consequently,  the  system  undergoes 
greater  list  than  in  design  No.  1. 

Design  No.  1,  with  the  feature  of  two  (2)  extensible  booms, 
provides  for  the  addition  of  a  winch  at  each  end  so  that  burtoning 
of  break-bulk  is  readily  achieved.  The  system  permits  good  spotting 
over  the  hatch  or  over  lighters,  etc.  The  addition  of  a  winch  in 

the  trolley  for  a  single  hook  on  Design  No.  2  limits  the  spotting 
unless  the  boom  and  the  trolley  are  moved.  The  movement  of  the  boom 
to  accomplish  break-bulk  operation  will  be  quite  inefficient  and  will 
impose  greater  acceleration  forces  to  the  load.  The  two  (2)  winches 
of  Design  No.  1  must  be  established  in  the  final  stage  in  order  that 
control  can  be  provided  in  the  cab. 

The  trolley  of  Design  No.  2  is  propelled  by  a  system  of  wire 
rope.  As  compared  to  the  traction  drive,  the  rope  drive  would  not 
permit  any  loss  of  motion,  as  could  occur  with  the  traction  drive 
because  of  loss  of  friction.  From  the  standpoint  of  the  operator, 
the  rope  system  will  cause  jogging  and  rough  travel.  The  traction 
drive,  with  hard  rubber  tires,  will  react  much  like  a  car  providing 
gradual  acceleration  and  deceleration,  resulting  in  a  more  comfortable 
ride  to  the  operator  of  the  crane.  With  respect  to  maintenance  and 
reliability,  the  direct  traction  drive  offers  greater  reliability  and 
maintenance  will  be  less  than  with  the  wire  rope  drive. 

While  Design  No.  1  is  approximately  7  percent  costlier,  the 
flexibility  with  some  improvement  in  operational  features  appears  to 
be  worth  the  additional  investment.  The  cost  saving  feature  is  the 
separating  truss. 

Figure  2-23  indicates  the  wave  lengths  for  the  four  (4)  crane 
sizes  considered  and  where  a  truss  is  required,  as  veil  as  the  area 
where  the  LCM-8  is  restricted  in  the  operation. 

The  need  for  the  truss  between  the  hulls  has  been  stressed 
because  of  the  many  circumstances  in  which  closing  forces  may  develop. 
The  truss  is  also  a  means  of  reducing  the  design  requirements  of  the 
crane.  The  hydrodynamic  considerations  as  applied  to  the  problem  are 
believed  to  be  conservative.  A  reduction  in  the  design  criteria  can 
only  be  indicated  by  appropriate  testing  and  verification  can  only  be 
obtained  by  instrumentation  on  the  protocype. 
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The  problem  of  engaging  and  disengaging  containers  in  a  pre¬ 
vailing  sea  st3te  was  not  considered  a  part  of  the  effort  required 
under  this  contract.  Extensive  work  has  been  accomplished  in  this 
area,  but  an  acceptable  solution  has  not  as  yet  been  made  available. 
The  major  factor  affecting  the  engagement  of  the  load  is  the  wave 
height.  The  fact  that  the  two  (2)  hulls  of  the  barge  are  separated 
will  do  something  to  suppress  the  wave.  There  is  the  possibility  of 
designing  one  of  the  trusses  so  that  it  will  act  as  a  barrier  to  the 
heading  seas  and  result  in  a  greater  suppression  of  the  wave  so  that 
the  operation  may  be  possible  in  higher  sea  states  than  presently 
possible.  It  is  recommended  that  tank  tests  conducted  for  verifica¬ 
tion  of  the  hydrodynamic  considerations  also  include  a  barrier  and 
study  of  lighter  motions. 

The  crane  design  as  presented  incorporates  a  number  of  features 
with  certain  backup  equipment  which  will  permit  operation  in  event  of 
partial  failure.  This  feature  is  evident  in  the  hoist,  transverse 
drive,  and  the  boom  extension  drive,  where  twin  motors  and  reducers 
have  been  provided.  The  dual  drives  (in  the  case  of  the  hoist  only) 
require  the  brake  be  set  on  the  inoperative  unit  so  that  the  opera¬ 
tion  may  be  continued  at  half  its  normal  speed.  With  respect  to  the 
transverse  drive,  the  brakes  must  be  released;  however,  the  boom 
extension  for  Design  No.  1  would  require  engagement  lugs  between 
each  boom  so  that  one  operating  drive  can  move  the.  inoperative  boom. 
Design  No.  2,  having  two  (2)  separate  drives,  requires  the  brake  be 
released  on  the  inoperative  drive.  In  event  of  failure  of  the  fore 
and  aft  drive,  the  barge  may  be  shifted  by  a  change  in  settings  on 
the  constant  tension  winches.  Raising  the  crane  would  not  be  possible 
in  event  of  a  winch  failure;  however,  if  raised,  the  crane  can  be 
lowered  without  power  by  releasing  the  brake  on  the  winch. 

Two  (2)  cabs  have  been  indicated  on  the  trolley.  This  is 
primarily  for  the  purpose  of  providing  maximum  visibility  of  the 
operation.  The  control  can  be  transferred  from  one  cab  to  another. 

In  event  that  dual  control  is  desired,  an  operator  can  be  stationed 
in  each  cab;  each  operator  will  have  optimum  vision  from  his  side. 

A  means  of  communication  and  signals  would  be  required  for  dual 
operators. 

Access  to  the  crane,  when  in  the  raised  position,  is  via  a 
platform  on  the  spreader.  At  this  platform,  a  control  will  be  pro¬ 
vided  uhich  will  enablT  ♦•he  trcliay  lo  traverse  as  well  as  raise  and 
lower  the  spreader  in  elevator  fashion.  When  the  hulls  are  separated 
the  control  will  provide  e  means  of  access  between  the  two  (2)  hulls. 

The  operation  and  servicing  of  the  crane  will  require  a  minimum 
of  two  (2)  operator,  for  each  e  ght  (8)  hours  of  operation.  Por 
servicing,  a  competent  electrician  and  engine  maintenance  man  will 
be  required.  These  can  be  normal  shipboard  personnel;  however,  for 
operation  the  selected  personnel  mus*-  undergo  training  in  crane 
control.  Under  normal  operation  and  maintenance,  no  outside  support 
vii>  be  required  beyond  the  initial  familiarisation  pc.lod.  It  is 
anticipated  that  at  least  once  a  year  the  crane  equipment  will  undergo 
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thorough  examination  and  checkout  for  all  operational  aspects  as  well 
as  tested  under  lead  for  a  check  on  the  mechanical  and  structural  com¬ 
ponents  of  the  crane.  Spares  will  be  provided  for  at  least  one  (1) 
year  of  operation. 

The  design  of  the  crane  follows  usual  practice  and  should  not 
present  any  problem  areas.  The  transverse  links  and  kingposts  have 
been  analyzed  using  the  present  state  of  the  art  and  modified  as 
found  applicable  to  the  concept.  Their  design  does  nor  present  any 
problem  except  as  to  the  severity  of  the  conditions  and  circumstances 
under  which  operations  will  take  place.  There  is  evidence  that  the 
concept  is  feasible  in  sea  states  approaching  6;  however,  the  engage¬ 
ment  or  disengagement  of  containers  in  lighters  or  in  landing  crafts 
is  quite  questionable  unless  relative  motion  of  the  crafts  can  be 
suppressed.  In  this  sea  state,  the  concept  might  be  considered  to 
have  limited  success;  however,  the  concept  has  potential  to  suppress 
the  movements  so  that  anticiapted  success  in  a  fully  developed  sea 
state  of  3  appears  to  be  realistically  possible. 

As  previously  noted,  the  steel  considered  is  basically  one 
which  conforms  to  ASTM  441.  During  the  detail  design  steels  of  lower 
and  higher  strength  than  ASTM  441  may  be  justified  considering  weight 
reduction  and  economics  Also,  the  availability  of  new  alloys  such 
as  ASTM  572,  which  ic,  replacing  ASTM  441,  shall  be  investigated. 

Table  VI  indicates  the  relative  cost  and  weight  savings  using  ASTM  A36 
steel  as  the  base. 


TABLE  VI.  COST  AND  WEIGHT  COMPARISON  OF  ALLOY  STEELS 


ASTM  NO. 

MATERIAL  COST 

FABRICATION  COST 

WEIGHT 

A36 

1.00 

1.00 

1.00 

A441 

1.30 

1.00 

.75 

A572 

1.13 

1.00 

.75 

A514 

2.28 

2.00 

.50 

The  ASTM  572,  which  has  similar  properties  to  ASTM  441,  is  the 
most  economical  and  may  be  used  in  a  majority  of  cases.  The  high 
strength  steel  A514  has  been  considered  for  use  in  areas  where  weight 
is  critical.  The  final  selection  will  depend  upon  the  fabricator's 
economics  in  complying  with  the  specifications. 

2.11  RECOMMENDATIONS 

Review  of  the  findings  in  this  3tudy  indicates  the  following 
recommendations: 


2-37 


].  Crane  structure  should  be  designed  for  forces  resulting 
from  a  10  foot  wave  length  with  trusses  and  conform  to  Design  No.  1. 
Table  VIT  preoenLt.  the  estimated  weight  and  cost  on  the  recommended 
system. 


TABLE  VII.  ESTIMATED  WEIGHT  AND  COST 


WEIGHT  ( LBS .  ] 


Crane  for  10’  Wave  Length 
Truss  for  70'  Wave  Length 


TOTAL 


1,262,800 


51.500 


1,314,300 


$771,000 

53.000 

$824,000 


2.  Trusses  to  suit  various  sea  states  can  be  provided;  however, 
operations  in  a  sea  state  of  three  (3)  having  a  70  foot  wave  length  is 
the  object.  Therefore,  this  truss  Is  recommended  because  It  will  more 
than  satisfy  the  conditions  required  for  the  present  state  of  the  art 
of  engaging  and  disengaging  the  spreader  from  the  containers.  In  event 
of  future  improvement  in  the  art  and  operations  in  a  higher  sea  state 
become  possible,  the  trusses  can  be  replaced  with  a  heavier  design. 

3.  Model  tests  should  be  performed  which  will  provide  para¬ 
meters  for  the  structural  design  of  the  crane  and  sea  keeping 
characteristics. 


4.  While  the  engagement  of  the  spreader  to  the  container  was 
not  part  of  the  effort  covered  by  this  report,  it  is,  nevertheless,  a 
re*1  irement  for  the  successful  operation.  It  is  recommended  that 
additional  work  be  accomplished  in  this  area.  This  work  should  con¬ 
sist  of  an  engineering  study  employing  a  spreader  that  is  capable  of 
being  lowered  near  to  but  not  onto  the  top  of  the  container.  At  this 
point  moans  should  be  provided  to  orient  the  spreader  to  the  container 
so  that  lowering  can  be  achieved  without  outside  assistance.  When  the 
study  has  been  accomplished,  the  design  of  the  spreader  should  be  made 
followed  by  a  working  model  of  approximately  11/2  inches  ■  1  foot. 

The  model  should  mechanically  simulate  motion  at  sea  and  the  spreader 
should  be  remotely  controlled. 
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SECTION  3 


3.°  PROTOTYPE  DEVELOPMENT 

The  first  step  in  the  development  of  a  prototype  will  be  the 
preparation  of  contract  plans  and  specifications  which  will  also  re¬ 
quire  a  program  of  research  into  known  problem  areas.  Upon  completion 
of  this  data,  oids  can  be  solicited  and  contracts  awarded  so  that 
const  ruction  can  be  undertaken. 

3.1  RESEARCH 


Concurrent  with  the  development  of  the  contract  plans  and 
specifications  for  the  facility  we  would  recommend  two  model  testing 
programs;  One  for  the  crane  features  and  one  for  the  hull. 

3.1.1  CRANE  TEST  PROGRAM 


Using  models  of  a  containership  hull,  barge  crane  concept 
and  landing  craft,  develop  wave  lengths  and  heights  in  accordance  with 
concept  study.  Instrument  the  models  to  provide  data  on  the  effect  of 
the  following  conditions  for  various  waves  up  to  a  maximum  length  of 
180  feet  and  height  of  15  feet: 

Beam  Seas 


1.  Alongside  a  pier  without  protection 

2.  Alongside  a  pier  with  containership  on  the  outside 

3.  Straddling  a  causeway 

Heading  Seas 

1.  Alongside  anchored  containership 

2.  Alongside  anchored  containership  with  landing  craft 
secured  between  barge  hulls 

3.  Alongside  anchored  containership  with  landing  craft 
secured  between  barge  hulls  with  a  barrier  at  one  end 

Objectives 

1.  Determine  parameters  for  the  loading  on  structural 
members  in  various  sea  states 

2.  Determine  relative  motions  of  barge  with  containership 
and  landing  craft  with  barge 

1.  Study  problems  of  pendulation  of  loads 


3-2 


4.  Study  problems  of  spreader  bar  ctachraent  and  release 

5.  Study  effects  of  relative  motion  on  off-loading 
operations 

6.  Examine  stability  in  survivability  conditions 

3.1.2  HULL  TEST  PROGRAM 

Using  model  of  the  hull  in  the  at-sea  mode,  that  is  with  the 
hulls  together,  run  towing  resistance  tests  at  three  drafts  to  deter¬ 
mine  power  requirements  at  speeds  up  to  20  knots. 

Using  same  model  with  skegs  at  various  angles  determine 
best  angle  to  reduce  yawing. 

Using  self-propelled  model  check  on  sea-keeping  qualities 
by  test  runs  with  head  seas,  quartering  seas  and  following  seas  at 
various  wave  heights. 

Oblecti;*** 

Determine  best  hull  configuration  and  skeg  alignment 
for  easy  towing  and  best  sea-keeping  qualities.  Check 
stability  in  survivability  conditions. 

3.2  CONTRACT  PLANS.  SPECIFICATIONS  AND  POST  CONTRACT  WORK 

Contract  plans  and  specifications  for  the  crane  and  the  barge 
are  to  be  prepared  in  sufficient  detail  to  establish  the  design  fully 
and  to  be  able  to  obtain  bids  for  construction. 

Estimates  of  time  and  costs  for  research,  preparation  of  plans 
and  specifications,  inspection  and  testing  are  given  in  the  overall 
schedule  on  Page 

3.2,1  PROPOSED  WORK  FOR  DEVELOPMENT  OF  CRANE  FEATURES 

1.  Prepare  material  for  subcontracting  tank  testing, 
witness  tests,  and  review  report. 

2.  Relate  parameters  determined  by  testing  and  prepare 
contract  drawings  and  specifications  of  crane  ana  supports  to  the  deck 
of  the  barge. 

3.  Review  building  plans,  calculations  and  instruction 

books . 

4.  Provide  periodic  inspection  and  witness  final  testing. 
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PROPOSED  WORK  FOR  DEVELOPMENT  OF  HULL  FEATURES 


1.  Coordinate  with  model  tank  on  test  program,  witness 
tes^s  and  review  reports. 

2.  Prepare  contract  plans  and  specifications  incorporating 
data  from  crane  design  and  from  model  test  program. 

3.  Review  building  plans,  calculations  and  instruction  books. 

4.  Provide  periodic  inspection  and  witness  final  testing. 

3,3  COST  OF  BUILDING  PROTOTYPE 


Once  the  pre-contract  engineering  and  testing  are  completed, 
and  bids  for  construction  are  obtained,  construction  of  the  prototype 
can  proceed. 

The  estimated  cost  and  time  to  complete  are  given  below  for 
the  crane  and  the  hull. 


3.3.1 


CRANE  COST 


As  noted  in  Article  2.9  of  Section  2  where  the  effect  of 
wave  lengths  on  cost  of  crane  is  fully  discussed,  where  a  truss  to 
connect  the  hulls  is  not  used,  the  cost  of  the  crane  structure  and 
kingposts  goes  up  rapidly  as  the  wave  length  increases.  It  is  out 
recommendation  trusses  be  used,  in  which  case  the  cost  of  the  crane 
for  a  180  foot  wave  length  is  $842,000  for  Design  No.  1  and  $794,000 
for  Design  No.  2. 

It  is  estimated  that  it  would  take  one  year  after  the 
award  of  contract  to  build  the  crane. 
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HULL  COST 


For  preliminary  estimating  of  cost  the  normal  practice  in 
the  marine  field  is  to  use  up-to-date  costs  per  ton  and  apply  this 
to  the  estimated  weight  of  the  vessel.  We  have  access  to  current 
shipyard  bids  for  barges  generally  similar  to  this  hull  and  from  these 
prices  have  developed  a  price  per  ton  which  includes  steel  and  the  stan¬ 
dard  outfit.  To  this  we  will  add  the  special  items  applicable  to  this 
hull. 


Estimated  weight  2200  tons  @  $1100/tor.  * 

Crane  generators  and  electrical  equipment  ■ 


Installation  of  kingposts  and  crane 

Add  for  self-propelled 

2  Murray  4  Tregurtha  units 


$2,420,000 

54,000 

100.000 


Total  -  $2,574,000 

330.000 
Total  -  $2,904,000 


Prices  have  been  escalating  at  a  rate  of  about  10  percent 

per  year. 
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3.3.3 


DEVELOPMENT  TIME  AND  COST  SUMMARY 


On  Page  is  a  proposed  schedule  covering  all  the  various 
phases  for  the  development  of  the  prototype. 

3.4  OPERATING  COSTS 

Assuming  that  this  is  a  Navy  owned  facility  i':  is  difficult  for 
us  to  assess  the  operating  costs.  In  commercial  operation  the  biggest 
factors  are  capital  costs,  insurance  and  crew  costs.  This  is  subject 
to  further  review. 

3.5  RECOMMENDATIONS 


We  believe  the  concept  as  developed  offers  the  promise  of  being 
a  useful  and  worthwhile  facility  which  meets  the  demands  of  the  ELF 
program. 

It  is  recommended,  therefore,  that  serious  consideration  be 
given  to  building  a  prototype  which  could  prove  useful  at  ports  and 
facilities  not  now  equipped  vith  container  handling  capability. 


3-5 


?CHEDULE  FOR  BUILDING  PROTOTYPE  OF  ELF  MATERIALS  HANDLING  CONCEPT 


SECTION  4 


LIST  OF  HULL  DRAWINGS 

FIGURE  NO. 

TITLE 

PAGE  NO, 

1-1 

GENERAL  ARRANGEMENT 

4-3 

1-2 

LINES  PLAN 

4-5 

1-3 

CURVES  OF  FORM 

4-7 

1-4 

DAMAGED  STABILITY 

4-8 

1-5A 

STABILITY  IN  TOWING  CONDITION  -  14  FOOT  DRAFT 

4-9 

1-5B 

STABILITY  IN  TOWING  CONDITION  -  16  FOOT  DRAFT 

4-10 

1-5C 

STABILITY  IN  TOWING  CONDITION  -  20  FOOT  DRAFT 

4-11 

1-6A 

STABILITY  IN  OPERATING  CONDITION  -  14  FOOT  DRAi'T 

4-12 

1-6B 

STABILITY  IN  OPERATING  CONDITION  -  16  FOOT  DRAFT 

4-13 
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4-14 
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4-15 
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4-17 

1-8B 

STILLWATER  BENDING  MOMENT  -  16  FOOT  DRAFT 

4-18 

1-8C 

STILLWATER  BENDING  MOMENT  -  20  FOOT  DRAFT 

4-19 

1-9 

SECTION  MODULUS  CALCULATION 

4-20 

1-10 

CALCULATION  OF  REQUIRED  SECTION  MODULUS 

4-21 

l-ll 

PROPOSED  ALIGNMENT  AND  LOCKING  MECHANISM 

4-22 

1-12 

SPEED  VS  HP  FOR  BARGE  TUG  COMBINATION 

4-23 

1-13 

TOWING  SPEED  VS  BHP  OF  TUG 

4-24 

1-14A 

SPEED  VS  HP  -  TUG  FOR  16  KNOT  TOWING 

4-25 

1-14B 

SPEED  VS  HP  -  TUG  FOR  IS  KNOT  TOWING 

4-2.5 
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LIST  OF  HULL  DRAWINGS  (con't) 


FIGURE  NO.  TITLE  PAGE  NO. 
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4-29 
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PR  I KIPAL  DIMENSIONS 


LENGTH.WL _ S30-0" 

BEAM _ bO'-O' 

DEPTH _ 27-0" 

DRAFT,  DESIGN _ !4'-0* 


^  _ - 

S>N>>ssSs^  "N*VSS'n 

^5 

_ 

— 

iJ 

'T~~ 

> 

•Vv 

Ti. 

> 

“V 

__x 

L_\ 

\ 

N 

— 

-V-J 

^s= 

: _ ^ 

FIGURE  1-2.  CONTAINER  CRANE  BARGE 
GENERAL  ARRANGEMENT 
(SCALE  1/16"  -  1*0”;  DWG.  NO.  5843-3) 
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FIGURE  1- 


CONTAINER  CRANE  BARGE 
[PRELIMINARY] 

DAMAGED  STABILITY 

LIMIT  OF  HEEL,  15*  MAX.  OR  DECK  EDGE 


TANKS  IN  WAY  OF  DAMAGED  COMPARTMENT  EMPTY 
TANKS  IN  WAY  OF  DAMAGED  COMPARTMENT  FULL 
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TRIM  8.  STABILITY  SUMMARY 
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FIGURE  1-7.  CONTAINER  CRANE  BARGE 
SCANTLING  PLAN  PROFILES  AND  DECKS 
(SCALE  AS  NOTED;  DWG.  NO.  5834-2) 
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STILLWATER  BENDING.  MOMENT  -  14  FOOT  DRAFT 
FIGURE  1-8A 


(WOW*  1NJWOH  ONIONM 


4-18 


STILLWATER  BENDING  MOMENT  -  16  FOOT  DRAFT 
FIGURE  1-8B 


CONTAINER  CRANE  BARGE 

PRELIMINARY 


STILLWATER  BENDING  MOMENT  -  20  FOOT  DRAFT 
FIGURE  1-8C 


CRANE  BARGE 


Longitudinal  Strength  (ABS  1971  Rules,  Section  6) 

By  Section  6.3:  SM  -  C  f B  (Cb  +  .5) 

C  -1.00  (type  1) 
f  -  152 
B  -  60 

Cb  “  *77 

SM  -  1.00  (152)  (60)  (.77  +  .5)  -  11582.4 

From  still  water  bending  moment  calc., 

Max  heading  moment  ~  42000  ton  ft. 


From  Table  6.2,  Case  II 

.485  xSxSM<M<SxSM 
23874  <  42000  <  49225 

SM^,  -  SM  SM^,  (required)  ■  11582 

From  Table  6.3,  Case  I 

“b-  [Sr+1]  SMj-  1.067  SMj 

SMg  (required)  -  12358 


CALCULATION  OF  REQUIRED  SECTION  MODULUS 
FIGURE  1-10 


LONG fTU D/HAL  BHDS 


k 


PROPOSED  ALIGNMENT  AND  LOCKING  MECHANISM 
FIGURE  1-11 
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CONTAINER  CRANE  BARGE  (PRELIMINARY) 

NCfU  CONTRACT  N«2899-?HI 

I..W.L. 

330-'o" 

PR6ADTH 

60  *0" 

DEPTH 

87-0* 

DESIGN  PR  APT 

14-0' 

MAXIMUM  PRATT.  APPROX 

19*0" 

DESIGN  DISPLACEMENT 

5940  U.T. 

C*  9  1440' 

0.79 

TRANS oc BAN  tu+sarss  systems 
CONCEPTUAL  STUDY 


SPEED  IN  KNOTS 


SPEED  VS  HP  FOR  BARGE  TUG  COMBINATION 
FIGURE  1-12 


23 


TOW  BOAT  CHARACTERISTICS 
(PRELIM 'NARY) 

NCEL  CONTRACT  N€8399"7I*M 

TOWING  SPEED  VS,  BHF 


HORSEPOWER 


TOW  BOAT  FOR  16  KNOT  TOWiNG  SPEED 
(PRELIMINARY) 

NCEL  CONTRACT  N«2  39S-7l*|l 

LENGTH 
BREADTH 
DRAFT 

DISPLACE  MBHT 

cp 

G.PC.  fEST.) 


SPEED  VS  HP  -  TUG  FOR  16  KNOT  TOWING 
FIGURE  1-14A 


875-0" 
54-  2' 
I9J  If/?" 

4394  LT. 
.B6B 
.0 
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TOWBOAT  FOR  15  KNOT  TOWING  SPEED 
(PRELIMINARY) 

IN  CEL  CONTRACT  N68S99-7MI 


LENGTH  £45*0" 

BREADTH  48’ 3" 

DRAFT  17-9' 

DISPLACEMENT  3086  IT. 

Cp  .568 

O.PC.(EST)  A 


SPEED  VS  HP  -  TUG  FOR  13  KHOT  TOWING 
FIGURE  1-14B 
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TOW  BOAT  FOR  14  KNOT  TOWING  SPEED 

(preliminary) 


NCEL  CONTRACT  N62399-7MI 

LENOTH 

200-0" 

BREADTH 

3S-5* 

DRAFT 

i4-e- 

DISPLACEMENT 

I97SLT. 

CP 

.5*9 

Q.RC.CEST.) 

.0 

SPEED  VS  HP  -  TUG  FOR  14  KNOT  TOWING 
FIGURE  1-14C 
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HORSEPOWER 


TOW  00 AT  FOR  13  KNOT  T0WIN6  SPEED 
(PRELIMINARY) 

NCEL  CONTRACT  N 62399-71*1 1 


LENSTH  ,170-0" 

BREADTH  3  9-6" 

DRAFT  I  2*  4." 

DISPLACEMENT  1091  LT. 

Cp  .569 

Q.P.C.  (CST.)  .6 


SPEED  VS  HP  -  TUG  FOR  13  KNOT  TOWING 
FIGURE  1-14D 
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row  BOAT  FOR  12  KHOT  TOWIHG  SPEED 
(PRELIMINARY) 

NCBL  CONTRACT  N62399-7I-II 


LENGTH 

BREAOTH 

ORAFT 

displace  mb  nt 


1 30 -'O'' 
30  '■&“ 
I  2l&" 
7G8LT. 


SPEED  VS  HP  -  TUG  FOR  12  KNOT  TOWING 
FIGURE  1-14E 
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HORSE  POWER 


TOW  BOAT  FOR  i  I  KNOT  TOWING  SPEED 
(PRELIMINARY) 

NCEt  CONTRACT  N6239S-7I-II 


LENGTH  115*0" 

8RSAOTH  27*1" 

ORAPT  II' I" 

DISPLACE  MB  NT  552  L.T. 

Cp  .fei  5 

Q:pc.(esr.) 


SPEED  VS  HP  -  TUG  FOR  11  KNOT  TOWING 
FIGURE  1-14F 
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TOW  BOAT  FOR  10  KHOT  TOWIN0  SPEED 
( PRELIMINARY ) 

NCSL  CONTRACT  N«C899-7l-|t 


ISM0TH  1 1  5 • O' 

BKSADTH  27 -r 

DRAFT  ,  ,  i  ,  ■■ 

Ol»PlACiM*NT  33?  LT. 


a.Rc.(esr.) 


SPJn>  VS  HP  -  TUG  FOR  10  KNOT  TOWING 
FIGURE  i-14fi 
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50 


<00  ISO  COO  tco  SCO 

L.W.L.  IK  WIT 

HP  VS  LENGTH  FOR  TUGS  CONSIDERED 
FIGURE  1-14H 
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CRANE  SUPPORTING  DATA  AND  DRAWINGS 
TITLE 

BOOM  STRUCTURE  CALCULATIONS 

DERIVATION  OF  SEPARATION  FORCES  FOR 
VARIOUS  CONDITIONS 

CALCULATIONS  OF  LOADS  ON  LOCK  PINS 

ANALYSIS  OF  EXTENSIBLE  BOOM 

ANALYSIS  OF  TRANSVERSE  BEAM 

ANALYSIS  OF  FORE  AND  AFT  LINKS 

ANALYSIS  OF  TRANSVERSE  LINKS 

ANALYSIS  OF  KINGPOSTS 

ANALYSIS  OF  SEPARATION  TRUSS 

DETERMINATION  OF  CRANE  C.G. 

DETERMINATION  OF  CLEARANCE  BETWEEN  LIGHTER 
AND  SEPARATION  TRUSS 


PAGE  NO. 


TABLES 

TABLE  NO. 

I  SEPARATION  FORCES,  NO  SHELTER,  BROADSIDE  WIND 

II  SEPARATION  FORCES,  NO  SHELTER,  HEAD  ON  WIND 

III  SEPARATION  FORCES,  WITH  SHELTER,  BROADSIDE  WIND 

IV  SIZE  OF  TRUSS  CHORD  MEMBERS 
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LIST  OF  ENESS  DRAWINGS 


DRAWING  NO.  TITLE  PAGE 

71031-1  CONTAINER  HANDLING  PATH  -  DESIGN  NO.  1  &  2 

71031-2  PRELIMINARY  ARRANGEMENT  -  BARGE  CRANE  - 

DESIGN  NO.  2 

71031-3  BOOM  CRANE  ARRANGEMENT  -  DESIGN  NO.  1 

(2  sneets) 

71031-4  TROLLEY  ARRANGEMENT  -  DESIGN  NO.  1 

71031-5  BRIDGE  SUPPORT  DRIVE  &  ARRANGEMENT  - 

DESIGN  NO.  1  &  2 

71031-6  KINGPOST  FITTINGS  &  LINK  TIES-  DESIGN  NO.  1  &  2 

(2  sheets) 

71031-7  SEPARATION  MACHINERY  -  DESIGN  NO,  1  &  2 

71031-8  SEPARATION  TRUSS  -  DESIGN  NO.  1  &  2 

71031-9  CONTAINER  OPERATION  -  DESIGN  NO.  1 

71031-10  VEHICLE  OPERATION  -  DESIGN  NO.  1 

71031-11  BURTON ING  OPERATION  -  DESIGN  NO.  1 

71031-12  STOWED  CONDITION  -  DESIGN  NO.  1 

71031-13  BOOM  CRANE  ARRANGEMENT  -  DESIGN  NO.  2 

(2  sheets) 


APPENDIX  A 


BOOM  STRUCTURE  CALCULATIONS 

The  total  load  on  the  boom  structure  required  to  be  put  in 
motion  Is  the  weight  of  the  trolley  and  the  boom, 

TL  -  WT  +  wB 

Tl  -  40K  +  116K  »  156K 
Fore's,  Fl»  due  to  list  Is: 

F^  ■  XL  s  Sin  (1  degree)  *  2730  pounds 

Force,  F^,  due  to  rolling  contact  is  determined  by 
the  wheel  diameters  and  the  reactions. 

Military 
Vehicles 


Containers 


-  168.6# 

-  166.4# 


F  -  IL  x  .005  +  R_  x  .005 
R  X  13.5  *  7,5 


F„  -  1000  (307.8  x  ^222  x  82  x  .005)  -  114  +  54.6 

107  +  59.4 


13.5 


7.5 


F_  -  1000  (288.8  x  .005  +  89  x  .005) 
R  13.5  7.5 


84K 
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APPENDIX  A  -  BOOM  STRUCTURE  CALCULATIONS  (cont'd) 

Force,  Ff,  to  overcome  bearing  friction  is  determined 

from  the  anti-friction  bearings  starting  from  maximum  outreach  and 
assuming  1  percent  loss, 

Ef  *  (307.8  +  82)  x  .01  x  1000  -  3898// 

Force,  F^,  to  overcome  a  list  of  1  degree  is  determined 
by  the  sum  of  the  trolley  and  boom  weights. 

Fl  =  (40,000  +  115,800)  x  .0175  -  2720 // 

Total  Force  FT  ■  FR  +  Ff  +  F^ 

Ft  -  169  +  3898  +  2720  -  6787// 

HP  =  6787  x  50  FPM  -  14.7 
33,000  x  .7 

select  15  HP 


The  total  load  on  the  boom  structure  requited  to  be  put 
into  motion  is  the  weight  of  the  load,  trolley  and  boom: 

TL  "  WL  +  WT  +  WB 


T  -  44K  +  32K  >  123. 3K  -  199. 3K 


Tu  =*  7 UK  x  32K  +  123. 3K  «  225. 3K 


The  force,  F  ,  due  to  list  is: 

=  199.3  x  1000  x  Sin  (1  degree)  *  3500# 

F  -  =  225.3  x  1000  x  Sin  (1  degree)  *  3940# 

Force,  F  ,  due  to  rolling  contact  is  determined  by  the 
wheel  diameters  and  reactions  on  the  boom.  In  addition,  there  is  a 
force  required  to  move  the  loaded  trolley  resulting  from  rolling  con¬ 
tact  ana  bearing  friction. 

Force,  Fy,  due  to  wind  is  assumed  to  be  the  maximum  as 
used  for  containers  handled  under  Design  No.  1. 

Fw  -  2357 # 
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APPENDIX  A  -  BOOM  STRUCTURE  CALCULATIONS  (cont'd) 


12"D 

y 


0 

I 


*L 


*R 

I 


WT  -  32K 

WT  -  70K 
102K 


F  «  <WT+  WL)  x  +  <WT  +  WL)  .01  +  FW 

F  -  (102K  x  .005  +  102K  x  .01)  x  1000  +  2357  -  3462# 

6  (Military 

Vehicles) 

F  -  76K  x  .005  +  76K  x  .01  +  2357  -  3182#  (Containers) 

6 


FRX  »  2F  -  6924#  (max.) 


APPENDIX  A  -  BOOM  STRUCTURE  CALCULATIONS  (cont’d) 


FR0  *  R.  x  .005  x  R.  x  .005 
2  X  TZS  *  7.5 

FR,  -  1000  (299. 8R  x  .005  +  76.5  x  .005  -  111  +  51  -  162// 

13.5  7.5 

Force,  F,  to  overcome  bearing  friction,  is  found  in  a 
similar  manner  to  that  in  Design  Npl  1: 

Fp  -  (299.8  +  76.5)  x  .01  -  3763 // 

Total  Force  FT  -  F^  +  +  Fp 

FT  -  3940  +  6924  +  162  +  3763 

F_  -  14,789// 

T 

Based  upon  a  mechanical  drive  efficiency  of  .7, 

horsepower, 

HP  -  14.789  x  400  -  256  HP 
33,000  x  .7 


APPENDIX  B 


DERIVATION  OF  SEPARATION  FORCES  FOR  VARIOUS  CONDITIONS 

Moving  hull  against  the  sea  such  as  a  rudder  -  following  the 
2 

equation  F  *  KAV  -  where: 

F  ■  normal  force  on  the  hull  in  pounds 
A  ■  projected  area  normal  to  motion  in  square  feet 

K  -  factor  for  fineness  of  lines  assumed  to  be  .8 

V  ■  velocity  of  flow  by  the  hull  in  knots 

A  *  310  feet  x  14  feet  -  A350  square  feet 

V  *  90  feet  in  5  minutes  «*  180  feet/l;our  or  .178  knots 
F  *  .8  x  4350  x  .  1782  *  110  pounds 

TABLE  I 

SEPARATION  FORCES.  NO  SHELTER.  BROADSIDE  WIND 

Broadside  Wind  Force  with  no  Shelter  (FWB)  «  .004  AV2  (U.  S.  Navy 

Specifications) 

A  »  318'  x  14*  +  106'  x  6*  *  5085  square  feet 


Wind  Velocity  (Knots) 

8.5 

12.0 

16.0 

19.0 

24.0 

Wave  Length  (Feet) 

20 

40 

71 

99 

160 

FWB 

1465# 

2820# 

5200# 

o 

CM 

f". 

11,700# 

TABLE  II 

SEPARATION  FORCES 

.  HEAD  ON  WIND 

Wind  Force  (FWH)  ■  .004  AV2  (U.  S.  Navy  Specifications) 

A  •  30*  x  14’  +30’  x  6'  ■  600  square  feet 

Wind  Velocity  (Knots) 

8.5 

12.0 

16.0 

19,0 

24.0 

Wave  Length  (Feet) 

20 

40 

71 

99 

160 

FWH 

174# 

346# 

615# 

867# 

1383# 
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APPENDIX  B  -  DERIVATION  OF  SEPARATION  FORCES  FOR  VARIOUS  CONDITIONS 
(cont'd) 

TABLE  III 

SEPARATION  FORCES  WITH  SHELTER.  BROADSIDE  WIND 

2 

Broadside  Wind  Force  sheltered  by  Pier  (FWP)  »  .004  AV 

A  *  318'  x  5’  +  106*  x  6*  «  2225  square  feet 
Wind  Velocity  (Knots)  8.5  12.0  16.0  19.0  24.0 

Wave  Length  (Feet)  20  40  71  99  160 

FWP  640#  1238#  2280#  3220#  5100  # 

1  82  S 

Head-on  Hull  Drag  Force  (Fd)  -  .009  SV1*  (U.  S.  Navy 

Specifications) 

S  *»  Wetted  Area  in  square  feet 
V  *  4  Knots 

Average  Girth  ■  54  feet 

S  *  54'  x  310*  ■  16,700  square  feet 

Drag  -  .009  x  16,700  x  41*825  -  1880  pounds 

Drag  from  one  LCM-8 

Wetted  Area  S  ■  1915  square  feet 

Drag  ■  .009  x  1915  x  4*’82^  ■  216  pounds 

Drag  from  one  Larc  LX 

Wetted  Area  S  -  2240  square  feet 

Drag  ■  .009  x  2240  x  4**®2^  •  252  pounds 
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APPENDIX  C 


CALCULATIONS  OF  LOADS  ON  LOCK  PINS 


S  -  20K  x  ~  -  743K 

Allowable  shear  stress  ■  32,000  x  .6  *  19,200  PSI 
6  In.  dia.  pin  In  double  shear  2  x  28.3  sq.  in.  -  56.6  sq.  in. 


S  -  20K  x  ■  945K 

Stress  ■  ■  16,700  PSI  <  19,200  PSI 
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APPENDIX  E  -  ANALYSIS  OF  BRIDGE  TRANSVERSE  BEAM 
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APPENDIX  H  -  ANALYSIS  OF  KINGPOSTS 
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APPEKTIX  J 


ANALYSIS  OF  SEPARATION  TRUSS 

Table  IV  Indicates  the  pipe  sizes  for  the  chord  members  for 
different  wave  lengths;  the  sizes  of  the  struts  and  diagonals  vary  to 
suit  the  loading* 


Table  IV.  Size  of  Truss  Chord  Members 


APPENDIX  K 


DETERMINATION  OF  CRANE  C.G. 


In  order  to  determine  the  c.g.  of  the  crane  assembly,  let  us  set  up  the 
following  coordinate  system: 


Note:  The  crane  c.g.  will  be 
determined  below  for  the  condi¬ 
tion  wherein  the  trolley,  booms 
and  transverse  beam  are  assumed 
to  be  geometrically  centered 
with  respect  to  the  X  and  Y 
coordinate  axis. 
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DETERMINATION  OF  CRANE  C.G.  (con't) 


-1315.8 


APPENDIX  K  -  DETERMINATION  OF  CRANE  C.G 


APPENDIX  L 

DETERMINATION  OF  CLEARANCE  BETWEEN 
LIGHTER  AND  SEPARATION  TRUSS 


Definition  of  Pertinent  Factors 


L  ”  wave  length,  ft* 
h  *  wave  height,  crest  to  trough,  ft. 


=  crane  hull  draft,  ft, 


d^  =  lighter  draft,  ft, 

ht  =  truss  height,  £  to  <£  at  hull  attachment,  ft. 


=*  truss  pipe  diameter  at  hull  attachment,  ft. 
c  =  clearance  between  lighter  and  truss,  ft. 


Referring  to  the  sketch  above,  the  clearance  is  given  by  the  equation 

c  -  -  (h  +  db  +  ht  +  0.5dp) 

Now,  d,  =  14  ft.  and  h_  »  2.5  ft. 
n  t 

c  *  14  —  (h  +  d,  +  2.5  +  0.5d  )  =  11.5  -  s 

b  p 

where  s  =  h  +  d,  +  0.5d 
b  p 

Considering  the  lighters  LCM-8  and  LARC-LX,  the  drafts  are  as  follows 

LCM8-8:  dfe  *  5’ -2"  -  5.167* 

LARC-LX:  d,  ■  6’-7"  -  6.583f 

D 


A  tabular  calculation  of  clearance  for  various  wave  lengths  is 
presented  on  the  following  page. 
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APPENDIX  L  -  DETERMINATION  OF  CLEARANCE  BETWEEN  LIGHTER  AND  SEPARATION 
TRUSS  (con't) 


Wave 

Length 

Wave 

Height 

Pipe 

Radius 

0.5d 

P 

LCM-8 

- 

LARC-LX 

Draft 

db 

Sun  Clearance 

Drift 

Sum 

Clearance 

L 

h 

S 

C 

S 

C 

5.: 

0.2 

.167 

5.1 

67 

5.534 

5.966 

6.1 

>83 

6.95a 

4.550 

25 

1.3 

.277 

6.744 

4.756 

8.160 

3.340 

40 

2.25 

.360 

7.777 

3.723 

9.193 

2.307 

50 

2.9 

.360 

8.427 

3.073 

9.843 

1.657 

60 

3.65 

.533 

9.350 

2.150 

10.766 

.734 

80 

5.25 

.584 

11.001 

.499 

12.417 

-.917 

90 

6.05 

.584 

11.801 

-.301 

13.217 

-1.717 

100 

7.0 

.584 

12.751 

-1.251 

14.167 

-2.667 

110 

7.85 

.667 

13.684 

-2.184 

15.100 

-3.600 

120 

8.75 

.667 

14.584 

-3.084 

16.000 

-4.500 

140 

10.65 

.667 

16.484 

-4.984 

17.900 

-6.400 

The  positive  values  of  clearance  calculated  above  are  plotted  against 
wave  height  for  the  LCM-8  and  the  LARC-LX;  negative  values  of  clearance 
indicate  interference  between  lighter  and  truss. 
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FIGURE  71031-1.  BARGE  CRANE  CONCEPT 
CONTAINER  HANDLING  PATH;  DESIGN  NO.  1  AND 
(SCALE  1/8"  =  l’O";  DWG.  NO.  71031-1) 
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FIGURE  71031-3.  BARGE  CRANE  CONCEPT  (1  OF  2) 
BOOM  CRANE  ARRANGEMENT 
(SCALE  3/8"  -  1 '0";  DWG.  NO.  71031-3) 

r 
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FIGURE  71031-3.  BARCE  CRANE  CONCEPT  (2  OF  2) 
BOOM  CRANE  ARRANGEMENT 
(SCALE  3/8**  *  I'O”;  DWG.  NO.  71031-3) 
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FIGURE  71031-6.  BARGE  CRANE  DESIGN  (2  OF  2) 
BOOM  CRANE  ARRANGEMENT 
(SCALE  AS  NOTED;  DWG.  NO.  71031-6) 
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FIGURE  71031-9.  BARGE  CRANE  DESIGN 
BOOM  CRANE  ARRANGEMENT 
(SCALE  1/16"  =  1 ' 0" ;  DWG.  NO.  71031-9) 


FIGURE  71031-10.  BARGE  CRANE  DESIGN 
BOOM  CRANE  ARRANGEMENT 
(SCALE  1/16’'  •  l'©”}  DWG.  NO.  71031-10) 
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FIGURE  71031-11.  BARGE  CRANE  DESIGN 
BOOM  CRANE  ARRANGEMENT 
(SCALE  1/16"  -  I’O";  DWG.  NO.  71031-11) 
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FIGURE  71031-12.  BARGE  CRANE  DESIGN 
BOOM  CRANE  ARRANGEMENT 
(SCALE  1/16"  -  l’O";  DWG.  NO.  71031-12 
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FIGURE  71031-13.  BARGE  CRANE  DESIGN  (1  OF  2) 
BOOM  CRANE  ARRANGEMENT 
(SCALE  1/16"  *  l'O";  DWG.  NO.  71031-13) 
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